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ABSTRACT 
 
Natural and anthropogenic factors work together to influence species habitat use. Kings 
Bay in Crystal River, Florida serves as critical habitat for the Florida manatee, but is also 
used extensively by humans. This study documented the seasonal dispersion and 
behavioral patterns of manatees in Kings Bay with regards to natural and anthropogenic 
factors from May 2005-June 2006. Survey stations were established across the bay and 
the number of manatees, people in the water, and boats were counted. The behavioral 
patterns of four major states were recorded using focal animal observations. During the 
winter, manatees aggregated in areas containing both springs and sanctuaries, where 
human activity was high and vegetation coverage low. In the non-winter, manatees were 
most abundant away from springs, where there was higher vegetative coverage and lower 
human activity. In the winter season, manatee spent most of their time resting in 
sanctuaries with springs, but when found feeding bouts were longer than in the non-
winter season. In the non-winter, variation in behavior was attributed more to the lifestyle 
roles of different age and sex class manatees than to sub-habitat type. The need for 
sanctuaries that protect feeding sites during the non-winter season is recommended. 
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CHAPTER I: FLORIDA MANATEE (TRICHECUS MANATUS LATIROSTRIS) 
SEASONAL DISPERSION INFLUENCED BY NATURAL AND ANTHROPOGENIC 
FACTORS IN THE CRYSTAL RIVER NATIONAL WILDLIFE REFUGE  
 
ABSTRACT 
Natural and anthropogenic factors affect the dispersion of conspecific individuals within 
their home range. Florida manatees follow a seasonal migration dictated by water 
temperature.  They have a broader range in the summer, but are restricted to warm water 
sources in the winter.  Kings Bay provides critical habitat for the endangered Florida 
manatee and is located 90 km north of Tampa Bay, Florida. Manatees aggregate in the 
bay’s natural warm water springs in the winter when Federal sanctuaries for manatees are 
established. Historically, manatees left the bay in search of better forage in the non-
winter and very few manatees were present during the non-winter. Recently, manatee 
numbers during the non-winter have been increasing, but their distribution in the bay has 
not been described. Humans recreate and attempt to interact with manatees throughout 
the year as part of a lucrative tourist industry in this region. The objectives of this study 
were to continue monitoring the winter population and to investigate patterns of 
distribution by manatees during the non-winter. Manatee dispersion was examined in 
relation to the distribution of artesian springs, winter sanctuaries, vegetation and human 
activity in Kings Bay. The amount of edible vegetation was determined using point 
sampling methods. Twelve stations were established across the bay and the number of 
manatees, people in the water, and boats were counted. The number of manatees and 
percent of edible vegetation differed significantly by season, but the number of people in 
the water and boats did not. During the winter, manatees were concentrated in areas 
containing both springs and sanctuaries, where human activity was high and the percent 
coverage of edible vegetation was low. Manatees in the winter underused spring areas 
without sanctuaries despite the warm water they provide. In the non-winter manatee 
distribution was away from springs which related to areas of high vegetation and low 
human activity. Of the different types of boating activities, motor boats had the most 
influence on manatee distribution in the non-winter; manatees occurred less in areas of 
high motor boat activity. The invasive cyanobacteria algae, Lyngbya majuscule, may 
influence manatee distribution and it appears that manatees avoid consuming the algae. 
Sufficient protection for manatees appears to be in place during the winter season through 
the maintenance of sanctuaries at several warm water springs. However, additional 
protection of manatee habitat, especially areas of high vegetative cover where manatees 
commonly feed, would benefit the non-winter manatee population.  Specifically, more 
idle speed zones and manatee sanctuaries in areas of high vegetation are suggested. 
 
 
INDEX WORDS:  Dispersion Patterns, Trichecus manatus latirostris, Habitat Use, 
Human Disturbance, Kings Bay 
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INTRODUCTION 
Dispersion describes the distribution of conspecific individuals within their home 
range (Harris et al. 1990). When researching biological arenas, such as the distribution of 
individuals within their home-range, patterns often emerge. As a result, these patterns 
may be indicators of the productivity of habitats for a species within its geographic 
distribution. Random, uniform, and clumped dispersion are three main spatial patterns 
recognized when considering species distribution in nature. The uneven distribution of 
individuals because of chance events has been termed random. When an individual has a 
tendency to avoid other individuals or when those that are especially close to others die, a 
uniform distribution occurs. Clumped patterns of distribution occur when individuals 
either are more likely to survive in particular parts of the environment or when the 
presence of one individual attracts others (Begon et al. 2006). To an observer, the way in 
which these patterns emerge depends largely on the spatial scale at which they are viewed 
(MacArthur & Levins 1967). Furthermore, the distribution of individuals is influenced by 
the factors that affect habitat use, such as food resource distribution, predation, habitat 
structure and weather (Laundre & Keller 1984).  
A single factor affecting habitat use may have overriding influences, especially at 
particular times of year. For example, in arid parts of its range, the distribution of the red 
fox (Vulpes vulpes) was based on its ability to find shelter from extreme temperatures 
during the warmest parts of the year and not the dispersion of its main prey (Dell’Arte & 
Leonardi 2005). In the wood mouse (Apodemus sylvaticus), the distribution of the seed 
supply and population dispersion were positively correlated, suggesting that spatial 
variation is influenced by seed crop (Montgomery & Dowie 1993). In addition, long-
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tailed macaques were found to aggregate more frequently following encounters with a 
model python than before the model was introduced, indicating that aggregation in 
primates may be a form of anti-predator defense (Stanford 1995).  
The observed distribution of species within their home range is most likely the 
result of a combination of factors acting on different levels over time (Chapman & 
Chapman 2000). Wildebeest (Connochaetes taurinus) migration in the Serengeti-Mara 
ecosystem is defined by seasonal movements in response to rainfall patterns (Talbot & 
Talbot 1963). Rainfall affects the growth of plains grasses, which wildebeest consume to 
meet energy and nutrient requirements during migration (Jarman & Sinclair 1979). In this 
case, weather patterns and food distribution work together to influence the distribution 
and movement patterns of wildebeest. Additionally, human land cultivation has reduced 
wildebeest movements between Tarangire National Park and the Simanjiro Plains in 
northeastern Tanzania (Kahurananga & Silkiluwasha 1997). Layered upon the influences 
of natural factors are the impacts of human disturbances; species dispersion may be 
affected by even seemingly benign human use such as wildlife based tourism. 
Tourism may lead to a range of immediate and long-term impacts on the 
distribution, activity, reproduction, and survival of wildlife (Knight & Cole 1991; Knight 
& Temple 1995; Whittaker & Knight 1998). Asian rhinoceros (Rhinoceros unicornis) 
feeding behavior was disrupted by tourists when they approached to within 10 m by 
displacing animals from feeding patches (Lott & McCoy 1995). In a habituation study on 
brown bears (Ursus arctos) in Alaska, Olson et al. (1997) found that when human 
activities extended into the bear’s fall salmon feeding period, non-habituated bears 
reduced their activity while habituated bears maintained activity levels similar to those 
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without humans present. Research off the south coast of Zanzibar has shown that tourism 
affects the behavior, movement, and dive patterns of nursing female bottlenose dolphins 
(Tursiops truncatus) (Stensland 2004). Thus, when disturbance is concentrated in critical 
habitat, animals may have no other option but to stay (Creel et al. 2002; Dyck & Baydack 
2004). The endangered Florida manatee (Trichechus manatus latirostris) provides a good 
example of a species in which dispersion and habitat use are closely allied to the 
collective influences of natural and anthropogenic factors. 
A subspecies of the West Indian manatee, Florida manatees occur in the 
southeastern United States and experience relatively large seasonal fluctuations in water 
temperatures (16 – 28 °C). As such, seasonal (mainly winter and non-winter) differences 
in manatee dispersion have been well documented and are noticeably apparent (Shane 
1983; Deutsch et al. 2003; Laist & Reynolds 2005; Gannon et al. 2007). Manatees feed in 
shallow seagrass beds in the non-winter (April-October) and conserve energy at warm 
water refuge during the winter (November-March) (Shane 1983; Laist & Reynolds 2005). 
While some individuals disperse as far north as Rhode Island and west to Texas in search 
of food during warmer months, most individuals reside in Florida during the winter 
(Lefebvre et al. 1989; Ackerman 1995).  
The body temperature of the manatee is 36 °C and because of their low metabolic 
rate and high thermal conductance in comparison to other marine mammals, they show 
indications of cold stress with prolonged exposure to water below 20 °C (Worthy et al. 
2001; Bossart et al. 2003). Hence, at colder temperatures, manatees aggregate at warm 
water sources to stay within their thermoneutral zone (Irvine 1983; Reid et al. 1991, 
1995; O’Shea & Ludlow 1992).  Warm water refuges occur as natural artesian springs 
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and water discharge effluents from power plants along the Florida coastline (Reynolds & 
Wilcox 1994, Ackerman 1995). Many manatees display site fidelity to winter warm water 
sources and movements between warm water refuges are infrequent because of thermal 
limitations (Reid et al. 1991). In the winter, the availability of suitable forage and the 
location of warm water refuges strongly influence manatee distribution; however, other 
important factors may include demographics, the availability of mates, and the impacts of 
human activity.  
Human activities that influence manatee populations have been identified 
throughout the range of the species (Husar 1977; USFWS 1980a). Objectives of the 
Manatee Recovery Plan state the need to better understand and monitor the interactions 
between manatees, habitat, and people (USFWS 2001). Potential effects on manatees 
resulting from the human use of coastal areas include (1) increased mortality and injury 
(Odell & Reynolds 1979; O’Shea et al. 1985); (2) altered distribution and behavior 
(Hartman 1979; Kochman et al. 1985); (3) changes in the abundance and distribution of 
vegetation upon which manatees feed (USFWS 1980a); and (4) the condition and 
availability of warm-water refuges (Powell & Rathbun 1984). Along northwest 
peninsular Florida, potential human impacts overlapped the greatest with areas 
considered most important to the manatee ecosystem in Crystal River, Florida (Packard 
& Wetterquist 1986). 
Kings Bay in the Crystal River National Wildlife Refuge (CRNWR) is located 
adjacent to the town of Crystal River in Citrus County, Florida approximately 90 km 
north of Tampa Bay (Kochman et al. 1985). The bay is considered a navigable waterway 
with access to the Gulf of Mexico via the Crystal River. The CRNWR’s waters provide 
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critical habitat for the endangered Florida manatee, but human activity is allowed because 
of the legal limitations involving the bay’s navigable waterways. As a result, a human-
manatee interaction industry has flourished through commercial operators and private 
boat rentals.  Tourist numbers have increased over the years such that on some weekends 
during the peak manatee viewing season (December and January), swimmers may 
outnumber manatees by 30:1 (King 2002). Each year nearly 100,000 tourists visit Kings 
Bay to have close encounters with manatees (Marine Mammal Commission 2001).  
The current Florida manatee population is estimated at 2,812 animals, suggesting 
slight positive population growth (Save the Manatee Club 2007). In particular, the 
Northwest Florida sub-population, especially the southern Big-Bend area that 
encompasses Crystal River has shown robust population growth rates (Reynolds 1999). 
As a possible indication of this sub-population increase, the number of manatees using 
Crystal River’s naturally warm waters during the winter has increased from 114 in 1981–
82 (Powell & Rathbun 1984) to more than 400 in 2005-06 (USFWS, unpublished data). 
These estimates reflect the number of different manatees at any one sampling period 
during the winter season and do not indicate the total number of manatees that may use 
Kings Bay over the course of the winter. As such, the wintering animals found within 
Kings Bay may range from 15–20% or more of the total subspecies population. With the 
large proportion of manatees using the bay and the apparent local population increase, 
continued monitoring of these animals in terms of their habitat use and distribution with 
regards to natural and human influences is important for their long term conservation.  
Studies of manatee habitat use in the Crystal River area have primarily been 
conducted during the winter season and date to the late 1960s (Hartman 1974). In 1980 
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four no-entry sanctuaries were established during the winter in select portions of the bay; 
boats and swimmers are not permitted in these areas (USFWS 2001). A comprehensive 
study on manatee distribution within Kings Bay was conducted in 1982-84 (Rathbun et 
al. 1987) and found that during winter months manatees aggregated in greatest numbers 
at sanctuaries with warm water springs. In response to the continued growth in tourism 
and concomitant human harassment to manatees, three more sanctuaries were created in 
1994 and another in 1998 (USFWS 2001). These sanctuaries were erected around other 
major springs as well as documented feeding sights within Kings Bay. Since the advent 
of these new sanctuaries, manatee distribution has changed during the winter season.  
Wintering manatees concentrate in the southern and eastern portions of the bay 
with continued aggregation at old spring sanctuaries as well as the newer additions 
(Meigs-Friend 2003). In a more specific study of manatee distribution at southern spring 
sanctuaries, Buckingham et al. (1999) showed that as water temperature declined and as 
the number of boats increased outside of the refuges, the proportion of manatees that 
preferred the warm water sanctuaries increased. In addition, King and Heinen (2004) 
found that the use by manatees of protected areas was correlated positively with the 
number of swimmers and boaters in the area. With the onset of warmer temperatures, 
manatees have historically left Kings Bay in search of better forage after depletion of 
vegetation during the winter season. However, over the past 10 years manatee use of the 
bay has steadily increased with current non-winter numbers ranging from 30-80 
individuals (J. Kleen, USFWS). The last documented study of manatee distribution and 
habitat use in the bay during the non-winter season was conducted in 1984 (Rathbun et al. 
1987), and as such current knowledge is deficient. 
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The first objective of this study was to monitor the manatee population during the 
winter season to determine if manatees continue to rely on Kings Bay as a refuge by 
primarily congregating at the warm water springs with sanctuaries.  The second objective 
was to investigate habitat use by manatees during the non-winter by evaluating the use of 
the bay relative to artesian springs, the abundance of vegetation and human activity. 
Manatee distribution was examined in relation to the distribution of artesian springs, 
winter sanctuaries, vegetation and human activity in Kings Bay. Manatees were predicted 
to use areas that contain warm water springs and sanctuaries in greatest numbers during 
winter months regardless of vegetation abundance or human presence. During the non-
winter, manatee distribution was predicted to be influenced more by the abundance of 
vegetation and human activities.  
METHODS 
Study Site 
Kings Bay is approximately 2 km long by 1 km wide, accounting for 244 hectares 
of water, and forms the headwaters of the Crystal River, which flows into the Gulf of 
Mexico 11 km to the northwest (Kochman et al. 1985) (Figure 1.1). The bay consists of 
30 sub-aqueous springs with some of the springs reaching depths of 10 m or more; the 
majority of the bay is relatively shallow at 1-3 m (Rosenau et al. 1977). Water 
temperature at the springs is 23-24 °C throughout the year and at times may be up to 7 °C 
warmer or cooler than surrounding bay waters depending on the season (Hartman 1979). 
Kings Bay is subject to tidal influences and experiences daily fluctuations in water levels 
of roughly 60 cm. Lowest and highest tides occur in the winter and non-winter seasons, 
respectively.  
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The U.S. Fish and Wildlife Service (USFWS) has designated the enforcement of 
specific boating regulations during the winter season, effective from November 15 – 
April 30, with more relaxed rules in effect from May 1 to November 14, referred to in 
this thesis as the non-winter season. During the winter, boats in Kings Bay are required to 
travel at idle speed; boats and people are not allowed in any of the seven manatee 
sanctuaries, which account for a total of 18.9 hectares of protected waters (see red shaded 
areas in Figure 1.1; Meigs-Friend 2003). During the non-winter season, only certain areas 
in the bay maintain the idle speed limit for boats and all Federal manatee sanctuaries are 
lifted, providing less protection for manatees. “Swim with the manatee” tours still exist, 
yet because of a reduction in the number of manatees much of the human activity is 
focused on recreational water craft use.  
Vegetation Sampling 
Vegetation sampling was conducted once every other month from May 2005 to 
May 2006. Since 1979, the US Fish & Wildlife Service’s Sirenia Project (now under the 
U.S. Geological Survey) has conducted surveys of submerged aquatic vegetation at Kings 
Bay. At the start of the current study, the CRNWR’s wildlife biologist, Joyce Kleen, 
continued the surveys in an effort to monitor long-term patterns and changes in 
vegetation. I was trained by Ms. Kleen to identify the plants, to learn the sampling areas 
and to perform the sampling methods. We compared our results during the training 
period; after 3 sessions, inter-observer reliability was nearly 100%, and so I carried out 
the vegetation surveys alone every other month from July 2005 to May 2006. Six surveys 
were conducted with each survey taking two days to complete at six hours each day for a 
total of 72 hours.  
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Point sampling was used to perform the vegetation surveys (Kochman et al. 
1985).  Frequency of occurrence of plant species was determined at 15 study plots (30 m 
x 30 m) around Kings Bay (Figure 1.1) with at least one study plot in each of the 12 
survey stations (Table 1.1) described in further detail in the next sub-section. Each plot 
was given a GPS location to ensure accurate measurements of the sample plots between 
surveys (Table 1.2). At 10 random points within each plot, a graduated staff was dropped 
to the bay floor and a perpendicular cross 1 m in diameter was lowered to the bottom 
(Figure 1.2). Plants or bare substrate within five cm of the four tips and center point were 
identified and recorded. Vegetation height at the staff was recorded to the nearest 10 cm, 
with a value of “0” assigned at points where vegetation was absent. Water depth at each 
of the 10 sampling stations within the plots was recorded to the nearest 10 cm. 
Despite tidal fluctuations from the Gulf of Mexico, identified vegetation in the 
bay was restricted to freshwater species because springs release a large volume of 
freshwater (Table 1.2) (Kochman et al. 1985). Sampling plots for vegetation in stations 1 
and 2 (see below) did not exist prior to this study and were added after I began 
conducting vegetation surveys to ensure at least one vegetation sampling plot per station. 
Values collected from multiple vegetation plots within a station were averaged to give a 
single value per station per survey. 
Free-ranging adult manatees consume more than 60 species of fresh and marine 
vegetation (Hartman 1979; Bengtson 1983; Wells et al. 1999; Marshall et al. 2000). 
Selection of feeding sites depends to an extent on availability and preference for food 
species. However, when food plants are abundant, manatees appear to be unparticular in 
their choice of feeding sites (Hartman 1979; Reynolds 1977). Therefore, manatees have 
 23
been considered obligate herbivores (O’Shea et al. 1995). In freshwater environments 
four vascular, flowering plants, Hydrilla verticillata and Myriophyllum spicatum (both 
introduced species) as well as native plants Ceratophyllum demersum and Vallisneria 
neotropicalis are considered to be favored by manatees (Campbell & Irvine 1977).  
Seven species identified in the current study, including the four favored species, 
are readily consumed by manatees (Table 1.3). One species, Lyngbya majuscule, possess 
toxins which have harmful affects on mammalian skin and digestive tracks (Bledsoe et al. 
2006). L. majuscula is an invasive, filamentous cyanobacteria species that forms thick 
mats at the bottom of water systems, blocking sunlight and other nutrients needed by 
other aquatic vegetation (Jones et al. 1987). The toxic nature of the L. majuscula causes 
health problems when it comes into contact with the skin (e.g. dermatitis and asthma like 
symptoms) (Osborne et al. 2001). In terms of ecosystem impacts, the blooms have 
produced seagrass die-off and may have reduced dugong and turtle feeding grounds in 
Moreton Bay, Queensland, Australia (Watkinson et al. 2005). Although no scientific 
studies to date have examined consumption of L. majuscula by manatees, it is believed 
that manatees avoid ingesting the blue-green algae when possible. In numerous personal 
observations manatees have used their flippers to clean L. majuscula from other 
vegetation before consumption. Thus, this algae and bare substrate were categorized as 
not preferred or inedible. The other 6 species of vegetation were considered edible (Table 
1.3). Also, L. majuscule is difficult to distinguish from other algae species possibly found 
in the bay, such as Vaucheria spp., because examination under a microscope is necessary 
for positive identification. Therefore, the L. majuscule may include other algae species. 
 24
Similarly the Eugaria spp. of plant is difficult to distinguish from H. verticillata and may 
have been included without distinction when sampling vegetation. 
Surveys of Manatees and Human Activity 
 The survey study was conducted from June 2005 – June 2006, sampling one 
continuous winter and parts of two non-winter seasons that together covered all months 
of the year. Twelve survey stations, accounting for 198.7 hectares of the total 244 
hectares in Kings Bay (Table 1.1), were established to cover a large portion of the bay 
(81.5%) with no visual overlap between stations (Figure 1.1). Stations 1, 2, 8, 9, 11 and 
12 contained springs with the springs at the latter four stations exceeding depths of 5 m.  
Surveys were conducted from a kayak with each station visited for 10 min during which 
time the number of manatees, people in the water, and boats were counted. Observation 
time was kept relatively short to reduce the likelihood of recounting a manatee. While 
manatees can remain submerged for 10-20 minutes (Reynolds & Odell 1991), most 
surface to breath at 3-8 minute intervals (Hartman 1979). Therefore, the 10-min 
observation period likely sampled the most manatees, while minimizing the recounting of 
individuals. Boats were divided into categories of activity based upon their possible 
influence to manatee distribution and were described as manatee tour boats, other 
motorized boats, and non-motorized (e.g., kayaks and canoes) boats. Algae harvesting 
boats, personal and rental boats and jet skis were placed in the other motorized boat 
category.  
Surveys were conducted at three different diurnal time blocks, over three days per 
week with two weekdays and one weekend day covered each week. Survey time blocks 
for the winter were 7:30-10:30 am, 11:00 am-2:00 pm, and 2:30-5:30 pm. Non-winter 
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time blocks were 7:30-10:30 am, 12:00-3:00 pm, and 4:30-7:30 pm. The time blocks in 
winter were compressed slightly because of the shorter span of daylight hours. More 
surveys were conducted during the non-winter as a result of an increase in field effort 
because of greater help from student field assistants. 
A number of field assistants were personally trained to conduct surveys. 
Comparisons were made between assistants and researcher, on accompanied surveys, at 
each sampling station as to the numbers of people in the water, boats, and manatees 
counted. Once surveys reached 90% inter-observer reliability, surveys performed only by 
assistants also were used in analyses. There were 204 and 288 total hours spent in the 
field conducting surveys for the winter and non-winter seasons, respectively. During the 
winter season 68 surveys were completed with 96 conducted during the non-winter. The 
number of surveys conducted during each of the three daylight periods was 27, 27, 14 
and 35, 38, 23 for the winter and non-winter seasons, respectively.  
The station at which a survey was started was chosen randomly from stations 1, 2, 
10, 11 and 12. These stations were used as starting points to reduce the physical 
requirements of kayaking over the same regions more than once after entry from the dock 
(129 SE Paradise Pt Rd, Crystal River, FL). Direction, clock-wise or counter clock-wise, 
also was randomly chosen with time periods per day of week selected at the beginning of 
each month and adjusted each week to ensure even sampling of times per day and days 
each week throughout each season. 
Stations 3, 9, 10, 11 and 12 contain areas that include federally designated 
manatee sanctuaries (Figure 1.1). Station 12 contains a relatively shallow and small 
sanctuary with very good water clarity, making counting manatees in this area relatively 
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easy despite not being permitted to enter the sanctuary. However, the remaining stations 
with sanctuaries were rather large and the water was not consistently clear, making it 
more difficult to count manatees accurately within these sanctuaries.  
Sanctuaries do not go into effect until November 15th of each year, yet large 
numbers of manatees may seek out the warm water springs before the effective date in 
response to cold snaps in the weather. This provided the opportunity to compare outside 
sanctuary observations to the actual number of manatees present. The number of 
manatees within the winter boundary of a sanctuary was counted for a 10 minute period 
while in the kayak outside of the boundary.  The kayak was then paddled over the 
imaginary boundary and the number of manatees present was counted. This procedure 
was performed at least three times at each one of the large manatee sanctuaries within a 
survey station. On average 72%, 50%, 42% and 86% of the manatees actually present 
were counted in stations 3, 9, 10, and 11, respectively. 
To account for the variation in the sizes of stations sampled, the surface area of 
each station was calculated. A digital orthographic quarter quad photograph of Kings Bay 
downloaded from www.labins.org.  It was imported into the Geographical Information 
System (GIS) program AutoCAD (Computer Aided Drafting) Edited Version 2007. With 
the dimensions of the photo sized at 1 pixel = 1 acre, survey stations were outlined using 
the program’s drawing tool. Once the lines had been connected around each station, Dr. 
Bon Dewitt of the University of Florida’s Civil Engineering – Geomatics Department 
provided the calculations within the program to report the squared kilometers of each 
station (Table 1.1). Station 2 was the only station in which the subtraction of area from 
two small islands was necessary. All other stations contained no islands. To standardize 
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across stations, all counts of boats, people, and manatees were divided by corresponding 
area of the station in which they were counted. 
Data analysis 
All statistical analyses were carried out using the JMP statistical software (version 
5.1) with an α = 0.05 for the level of significance. 
Vegetation 
In the winter season, vegetation was sampled on 11/15/05, 1/23/06 and 3/11/06. 
In order to assess the influence of edible vegetation and Lyngbya majuscule abundance 
on manatee distribution the 68 kayak surveys conducted in the winter season were 
divided among the three vegetation surveys. Dates of the kayak surveys were associated 
as closely as possible to the date of the vegetation survey. The same methods were 
employed during the non-winter season. At this time vegetation was sampled on 5/2/06, 
7/12/06 and 9/22/06 and 96 kayak surveys were distributed evenly among the three 
vegetation surveys.  
The mean percentage (± SE) of each plant and algae species at each plot was 
calculated for winter and non-winter seasons (Table 1.3). The percentage of each edible 
plant species was summarized by the stations in which vegetation plots existed for winter 
and non-winter seasons (Table 1.4). The three vegetation surveys were analyzed through 
repeated measures analysis of variance (ANOVA) to examine within and between season 
differences among surveys and stations. Logistic regressions were used to determine the 
distribution of continuous data between two groups and to model the probability of the 
distribution as a function of group membership (Sokal & Rohlf 1991). The effects of 
spring presence or absence on edible vegetation and L. majuscule data were examined 
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seasonally using logistic regressions. 
Survey stations 
The survey data acquired via kayak were square-root transformed to attempt 
normality (Martin & Bateson 1993, for count data); however, after transformation the 
data were still non-normal. Therefore, non-parametric statistical analyses were used. The 
dependent variables for each season included counts of manatees, types of boats, and 
people in the water. For comparisons within the winter season, the independent variables 
included the presence or absence of springs, sanctuaries and combinations of the two. 
The independent variables for comparisons within the non-winter season were spring 
presence or absence (Table 1.4) and the number of boats and people in the water.  
Mean counts of manatees, boats, and people in the water were reported per square 
kilometers. The Mann-Whitney U test was used to determine seasonal differences 
between means of manatees, boats, and people in the water. The within season influences 
of the independent variables on the dependent variables were examined using logistic 
regressions.  
Winter season 
 The Kruskal-Wallis test was used to compare the three categories of spring and 
sanctuary combinations using the median counts of manatees, boats, and people in the 
water. The three original categories of both, either, and neither spring and sanctuary 
combinations were reduced to two categories of both and other. This allowed for the 
examination of the relationships among the distribution of the predictor variables through 
a multiple logistic regression. 
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Non-winter season 
Counts of manatees, boats, and people in the water were logistically regressed to 
spring presence or absence in order to examine the relationships in the distribution of the 
predictor variables. The possible impacts of particular human activities on manatee 
distribution also were assessed. Manatee counts were summarized by instances when 
particular groups of boating activities and people were counted. For example, when the 
number of people in the water was found to be 0, 1, 2, 3, 4, 5, or more the corresponding 
mean manatee count in the same area was calculated. With these data model II linear 
regressions were used to examine the possible effects of human activity on manatee 
presence. The proportion of each boat type to the overall number of boats was reported 
for the non-winter season.  
RESULTS 
Vegetation 
 The percent edible vegetation was higher in the non-winter (54.5 ± 11%) than in 
the winter (41.0 ± 9.6%) across the 12 stations in Kings Bay (repeated measures 
ANOVA, F1,11=8.27, p=0.015). Within a season, vegetation samples at each station did 
not differ across the three survey periods (repeated measures ANOVA, winter: F2,11=0.94, 
P=0.40; non-winter: F2,11=1.39, P=0.27). However, values did differ between stations 
within a season (repeated measures ANOVA, winter: F2,11=17.2, P=0.0001; non-winter: 
F2,11=19.1, P=0.0001) (Table 1.4). Hence, Kings Bay is patchily distributed within 
seasons in regards to the abundance of edible vegetation.   
 The amount of edible vegetation and Lyngbya majuscule in a station was related 
to the presence of natural springs. In the winter season the mean percent of edible 
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vegetation in areas with no springs was 67.8 ± 22% compared to spring areas with 12.9 ± 
6.3% and 61% of the variation in vegetation abundance was explained by the presence or 
absence of springs (n=816, R2=0.61, P=0.0001). Spring presence explained less variation 
in vegetation abundance in the non-winter compared to the winter, but edible vegetation 
was much more abundant in areas without springs (78.9 ± 31%) than in areas of with 
springs (23.4 ± 9.5%) (n=1152, R2=0.39, P=0.0001).  Conversely to the coverage of 
edible vegetation, the presence of the invasive cyanobacterium L. majuscule was greater 
in areas with springs (32.0 ± 5.2% winter; 23.6 ± 5.1% non-winter) than without springs 
(4.4 ± 2.1% winter; 0.44 ± 0.24% non-winter). Spring presence explained a relatively 
low, but statistically significant amount of the variation in Lyngbya abundance (winter: 
N=816, R2=0.22, P=0.0001; non-winter: N=1152, R2=0.24, P=0.0001). 
Surveys of Manatees and Human Activity 
Between seasons 
 The number of manatees counted per survey in the winter was nearly 10 times 
greater than the number counted in the non-winter (U1,162=75.72, P=0.0001 ). However, 
the number of boats and people in the bay per survey did not differ between seasons 
(U1,162=1.16, P= 0.28; boats: U1,162=0.001, P=0.975, people in the water) (Table 1.5). 
Winter season 
The critical feature in explaining manatee abundance was the combination of 
springs and sanctuaries.  Ninety two percent of manatee counts were recorded at stations 
containing both springs and sanctuaries (H2,813=169.18, P=0.0001). Only 3% of the 
manatees counted were observed at stations with either a spring or sanctuary and 5% at 
stations with neither springs nor sanctuaries. In addition, 73% of all boats (H2,813=248.3, 
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P=0.0001) and 90% of all people in the water (H2,813=242.48, P=0.0001) were counted at 
stations with both springs and sanctuaries. Furthermore, the lowest percent of edible 
vegetation was recorded at stations with both springs and sanctuaries (H2,813=298.45, 
P=0.0001) (Figure 1.3). Hence, the greatest counts of manatees, boats, and people in the 
water and the lowest recorded percent vegetation occurred at stations with both springs 
and sanctuaries. The three groups of spring and sanctuary combinations were combined 
into the two groups of stations with both springs and sanctuaries and an “other” category 
to permit analysis using a multiple logistic regression. 
Eighty-one percent of the variation in the distribution of edible vegetation, 
Lyngbya majuscule, manatees, boats, and people in the water was explained as a function 
of spring and sanctuary combinations (Table 1.6). Significantly more manatees, boats, 
and people in the water were found in areas with both springs and sanctuaries while more 
edible vegetation and L. majuscule was found in the other areas (n=816, R2=0.81, 
P=0.0001). Boating activities and people in the water were examined to assess possible 
influences on manatee distribution but no significant effect was evident. The proportion 
of tour boats, motor boats, and non-motor boats were 0.15, 0.64, and 0.21 of the total 
boats counted in the winter season, respectively. 
Non-winter season 
The critical factor explaining manatee abundance in the non-winter was spring 
presence or absence. Manatee counts per survey were 19.6 ± 2.0 in areas of no springs 
and 9.3 ± 1.0 at springs. Boat counts were 24.7 ± 2.3 and 119 ± 13 per survey, while 
counts of people in the water were 6.7 ± 0.7 and 117 ± 12 per survey when springs were 
absent compared to present, respectively. A multiple logistic regression provided a 
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significant explanation of edible vegetation, Lyngbya majuscule, manatee and human 
activity distributions influenced by spring presence (Table 1.7). With all variables 
accounted for, 60% of the variation was explained regarding the distributions of each 
variable to spring presence (N=1152, R2=0.60, P=0.0001). Significantly more edible 
vegetation and manatees were found outside of spring areas while L. majuscule, boats 
and people in the water were in greater abundance at spring areas. Hence, manatee counts 
in stations without springs were related to high edible vegetation abundance and low 
human activity counts (Figure 1.4).  
 Manatee tour boats, other motorized boats, and non-motorized boats accounted 
for 0.08, 0.80, and 0.12 proportions of all boats, respectively. Manatee counts were 
negatively affected by groups of motor boats and were significantly explained by the 
function: mean manatees = 2.74 – 0.256(motor boat group) (Figure 1.5).  More manatees 
were counted when no motor boats were around and the number counted decreased as a 
function of the increase in motor boat group numbers, which accounted for 80% of the 
variation in manatee distribution (N=11, R2=0.80, P=0.0002).  Tour boats, non-motorized 
boats and people in the water showed no significant linear effect on manatee numbers.  
DISCUSSION 
Natural and anthropogenic factors work together to influence species habitat use. 
In Kings Bay from May 2005 to May 2006, the number of manatees was approximately 
10 times higher during the winter than the non-winter season. However, a similar number 
of boats and people in the water (i.e. human activity) were counted between seasons. 
During the winter season, manatees aggregated around portions of the bay that contained 
both springs and sanctuaries. These areas had the least amount of edible vegetation and 
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the highest counts of human activity. In non-winter months, manatees were clumped in 
areas without springs, which were stations containing the highest percent coverage of 
edible vegetation. Human activity was lower in these stations. Of the different forms of 
human activity, fast moving, motorized watercraft had the greatest influence on manatee 
distribution; manatees were least abundant in stations when there were large groups of 
motorized boats present. In both seasons, edible vegetation and Lyngbya majuscule were 
distributed patchily in the bay, and their occurrence had a negative and positive 
relationship with spring presence, respectively. 
The CRNWR in Crystal River, Florida is a well documented warm water habitat 
for Florida manatees during the winter season (Hartman 1979, Buckingham 1989, Meigs-
Friend 2003). This study found that manatees in the winter underused spring areas 
without sanctuaries despite the warm water they provided. In the winter, springs that lack 
sanctuaries do not provide protection from possible human harassment, which may 
explain their low use by manatees. Hartman (1979) also reported that tidal fluctuations in 
Kings Bay influenced manatee distribution. In the winter, Kings Bay experiences its 
lowest tides and during these episodes, manatees may not be able to access shallow 
springs.  
It was difficult to accurately count manatees in stations that contained large no 
entry manatee sanctuaries. My counts of manatees in these areas before the effective no 
entry date indicated that manatees were underestimated during the winter season. 
However, this underestimation did not have major influences on the patterns; in fact, 
greater numbers of manatees in the spring and sanctuary stations would support further 
the findings presented. As shown in earlier studies performed in the winter season, 
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manatees were most abundant in stations that contained warm water springs and offered 
protection from harassment by humans through the presence of sanctuaries (Kochman et 
al. 1985, Rathbun et al. 1987, Buckingham 1989, King and Heinen 2004, Meigs-Friend 
2003). 
 The right balance between aggregation and dispersion requires a tactical 
compromise between many different selective pressures to maximize fitness (Cowlishaw 
1997). Two of the most important influences on spacing behavior are thought to be 
feeding competition and predation risk. Manatee distribution during the warmer non-
winter months may be related to these factors. Animals are likely to reduce competition 
for forage by maintaining at low density (Altmann 1974; Janson 1992), such as occurs in 
red deer (Cervus elaphus) (Thouless 1990) and oystercatchers (Haematopus palliatus) 
(Moody et al. 1997). If space is limited, then competition may intensify.  This could be 
the case for manatees within the Kings Bay ecosystem.  
In contrast, predation risk usually leads to clumped spacing as an anti-predator 
defense through increased vigilance, reduced probability of an individual being attacked 
and enhanced defense if attacked (Hamilton 1971; Vine 1973). Support for these benefits 
of aggregation has been found in a range of vertebrate species such as the hamadryas 
baboon (Papio hamadryas) (Sigg 1980), turnstone (Arenaria interpres) (Whitfield 1988) 
and minnows (Pimephales promelas) (Morgan 1988). Although Florida manatees do not 
have natural predators, hunting by man has been documented and risk of injury or death 
related to human activities may be viewed as a form of predation. In fact, 25% of 
documented manatee deaths result from boat strikes (Langtimm et al. 1998). The 
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distribution of manatees in Kings Bay during the non-winter season may be in response 
to the combined influence of feeding competition and predation risk.  
Manatees were found in greater numbers at areas of the bay with high edible 
vegetation abundance and by feeding in these areas competition over suitable forage may 
be reduced. These areas also were associated with lowest reported counts of human 
activity. With motor boats accounting for the greatest proportion of boats on Kings Bay 
coupled with the large area in which they are allowed to travel, much of the bay may be 
considered a high predation risk area. Therefore, manatees would be expected to use 
areas that would reduce foraging competition and provide safe habitat. Perhaps 
aggregation in these areas aid in the detection of fast moving motor boats and therefore 
reduce the risk of injury or mortality. Another possible influence on manatee dispersion 
in Kings Bay may be related to the distribution of the invasive cyanobacterium L. 
majuscule. 
Sudden expansions of a single species, such as algal blooms have adverse 
environmental, economic, and human health impacts (Dennison & Abal 1999) and such 
impacts have been documented for L. majuscula (Jones et al. 1987).  In the current study, 
the effects of L. majuscule on manatee occurrence were not examined directly. However, 
manatees were located in higher numbers in stations with the lowest levels of Lyngbya. A 
study focused on the three-dimensional relationship of Lyngbya (i.e. height and coverage 
on other plant life) could determine explicitly the influence of this species on manatee 
distribution. 
As a winter sanctuary and increasingly as part of the year round range for 
manatees, Kings Bay provides critical habitat. Over the past decade, manatee numbers 
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appear to have increased in Kings Bay and manatee habitat everywhere has degraded 
through human development. Manatees may use the bay in the non-winter to avoid 
competition for resources in feeding grounds further north (Reep & Bonde 2006). Hence, 
Kings Bay should be given considerable attention for manatee conservation. Variation in 
seasonal temperature has acted as a major selective pressure for the migratory behavior of 
manatees. The depletion of food in wintering areas would prompt movements to other 
sites (Zoodsma 1991) and allow forage adequate time to recover, preventing the long-
term collapse of these resources (Bengston 1981; Lefebvre & Powell 1990; Provancha & 
Hall 1991). With the increase in year round use of Kings Bay, the long-term habitat 
quality may be in jeopardy; especially if human pressures continue to rise. 
Human pressures on manatee behavior may be greater in the non-winter season 
because of the absence of sanctuaries and the reduced regulation on boat speeds. 
Furthermore, fast-moving, motorized boats are prevalent in the bay during the non-
winter. Typically, tour boats and accompanying people in the water travel at slow speeds 
in search of manatees and thus, they are less likely to cause injury. Non-motorized boats 
(canoes, kayaks, etc) pose no threat in terms of injury by speed or boat propellers. 
However, motorized boats are generally traveling at high speeds without regards to 
manatee presence. Motorized boats include jet skis which are capable of traveling at high 
speeds in shallow water near shorelines, where vegetation is abundant; these regions are 
preferred feeding sites by manatees (Zieman 1982). Although jet skis do not have 
propellers, striking a manatee with their hull at high speeds could cause injury and death. 
Regular motor boats have a documented history of injuring manatees. Therefore, the type 
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of human activity is critical to determining the effect on manatee distribution, especially 
in the non-winter season. 
With few restrictions on water craft use during the non-winter season there is a 
greater likelihood of manatee injury or mortality when combined with the wider seasonal 
dispersion of manatees (Gerstein et al. 2001). The CRNWR management is currently 
experiencing pressures from manatee advocate organizations (i.e. Save the Manatee 
Club) to enforce greater protection for manatees from human harassment. Information 
regarding non-winter manatee distribution within Kings Bay in relation to habitat 
composition and possible human impacts has been deficient. The Florida manatee is 
listed as endangered by the federal government and as threatened by the state of Florida. 
The Florida Manatee Recovery Plan’s main objectives include (1) minimizing causes of 
disturbance, harassment, injury, and mortality; (2) determining and monitoring the status 
of manatee populations; (3) protecting, identifying, evaluating, and monitoring manatee 
habitats; and (4) facilitating recovery through public awareness and education (USFWS 
2001). As the Crystal River manatee population accounts for nearly 20% of the total 
population, continued research of these animals is important for the long term survival of 
the Florida manatee.  
This study provides information to fulfill objectives of the Manatee Recovery 
Plan which cited the need to better understand and monitor the interactions between 
manatees, habitat, and people. The establishment of more idle speed zones or manatee 
sanctuaries in areas of high vegetation could improve protection for manatees in the non-
winter. Further long-term studies considering more direct impacts that each type of 
human activity may have on manatee habitat use are required to be able to provide 
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stronger management recommendations. Knowledge of the influences on seasonal 
manatee dispersion combined with behavioral activities in selected habitats would 
provide added insight into manatee habitat use and more precise management 
recommendations could be made for the Florida manatee in the Crystal River National 
Wildlife Refuge. 
Species have evolved anatomical, physiological, and behavioral characteristics in 
order to compensate for environmental variation (Molles 1999). However, there are limits 
on how much organisms can compensate for these environmental variations. Thus, the 
physical environment limits the geographic distribution of species. Populations have been 
defined as groups of individuals of a single species inhabiting a particular geographic 
area enclosed by natural or human-imposed boundaries. Studies on populations and their 
distributions hold the key to solving practical problems such as controlling pest 
populations, managing game populations, or saving endangered species (Begon et al. 
2006). Furthermore, the distribution patterns observed in nature are strongly influenced 
by the scale at which a population is studied. 
On small scales individuals within populations are distributed in patterns that may 
be random, regular, or clumped while those examined on larger scales tend to show 
clumped distributions (Molles 1999). Patterns of distribution can be produced by the 
social interactions within populations (Hubbell & Johnson 1977), by the structure of the 
physical environment (Schultz et al. 1992), or by a combination of the two. Social 
organisms tend to be clumped while territorial organisms are regularly spaced. 
Environments that possess resources which are patchy also promote clumped 
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distributions. The seasonal distribution patterns of manatees appear to be influenced more 
by the structure of their physical environments than due to social interactions. 
Historically, studies on Florida manatee behavior have been conducted primarily 
during winter seasons, when many manatees aggregate at warm water refugees. From 
these studies, manatees have been described as largely solitary animals with strong social 
bonds formed only between mothers and their calves (Hartman 1979). However, such 
studies rarely tracked the movement patterns of specific individuals with those of known 
conspecifics, which may result in this solitary description masking the existence of a 
more complex social relation among individuals. Studies on manatees during the non-
winter season, when using a more extensive range with less thermal limitations, have 
suggested a more social nature to manatee associations (Koelsch 1997, Bengston 1981). 
These studies documented repeated interactions between individuals, of all ages and both 
sexes, across space and time during the non-winter season. Further research into the areas 
of manatee social structure is needed in order to conclude on the influence it may have on 
seasonal manatee distribution. With current knowledge, manatee distribution appears to 
be more heavily influenced by the need to meet their daily physical requirements and the 
scale at which patterns are viewed. 
On a large scale, manatees in the winter show a strong clumped distribution to the 
state of Florida because of the need to locate warm water sources in order to 
thermoregulate (O’Shea & Ludlow 1992). Kings Bay provides sources of warm water 
refuges through patchily distributed artesian springs and manatees aggregate at springs 
with sanctuaries in order to conserve energy free from harassment by humans. In the non-
winter season manatees are more widely dispersed on a large scale and sometimes travel 
 40
as far north as Rhode Island and west to Texas (Ackerman 1995). However, locating 
suitable forage at this time is known to influence a clumped distribution pattern (USFWS 
2001). Within Kings Bay manatees in the non-winter showed a clumped distribution, 
which appeared to be in response to both locating patchy vegetation and avoiding 
potentially dangerous and life threatening motor boats. Thus, manatee distribution in the 
Kings Bay ecosystem is influenced by natural and anthropogenic factors. 
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CHAPTER II: SEASONAL BEHAVIORAL ACTIVITY PATTERNS OF THE 
FLORIDA MANATEE (TRICHECUS MANATUS LATIROSTRIS) IN THE CRYSTAL 
RIVER NATIONAL WILDIFE REFUGE 
 
ABSTRACT 
 
Movement and habitat selection of manatees within a given area is influenced by 
population composition and individual requirements sought within the habitat. The daily 
and seasonal activities of Florida manatees consist of feeding, resting, swimming, and 
socializing. Kings Bay in the Crystal River National Wildlife Refuge (CRNWR) is 
located approximately 90 km north of Tampa Bay, Florida. Manatees use Kings Bay’s 
natural springs as a warm water refuge in winter when Federal sanctuaries for manatees 
are established. Historically, during the non-winter manatees left the bay in search of 
better forage after depletion during the winter. Recently, manatee numbers during the 
non-winter have been increasing, currently ranging from 30-80 animals as estimated in 
bi-monthly aerial surveys. The behavioral activities in the bay at this time are 
undetermined. The objectives of this study were to compare the activity patterns of 
manatees in the winter and non-winter seasons. Specifically, I examined the influence of 
age or sex as well as spring presence or absence on the activity patterns of manatees 
within and between the winter and non-winter seasons. From May 2005-May 2006, I 
conducted 20-min focal animal observations on 264 different manatees. Time spent 
feeding, resting, swimming, or performing other activities was recorded. Calves showed 
different behavioral patterns from sub-adults and adults in both seasons. Manatees rested 
more in the winter and fed the most during the non-winter, which supports previously 
conducted research in Kings Bay. However, foraging bouts were longer in winter than 
non-winter. In the winter, manatees displayed less variance in behavioral states attributed 
to age or sex class and more variance attributed to sub-habitats, specifically areas with or 
without springs. In the non-winter, variation in manatee behavior was attributed more to 
the lifestyle roles of different age and sex class manatees than to sub-habitat type. The 
importance of sanctuaries erected in known feeding sites during the winter season and the 
need for these sanctuaries during the non-winter season was apparent when results from 
this study were combined with dispersion results from Berger (2007). 
 
INDEX WORDS:  Behavior Patterns, Trichecus manatus latirostris, Habitat Use, Kings 
Bay, Crystal River
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INTRODUCTION 
 
The daily and seasonal activities of Florida manatees (Trichechus manatus 
latirostris), of the order Sirenia, consist of feeding, resting, swimming, and socializing 
(Hartman 1979). During winter months manatees aggregate at anthropogenic and natural 
warm-water refuges (~24 °C year round) to avoid the impacts of seasonal cold water 
temperatures (18-20 °C) (Irvine 1983, Deutsch et al. 2003). The need for 
thermoregulation brings numerous male and female manatees of all ages to relatively 
small areas. Studies on manatee behavior have been conducted primarily during the 
winter seasons because manatees are abundant and easily viewed in these wintering 
refuges (Hartman 1979, Bengston 1983, Laist and Reynolds 2005). Studies during the 
non-winter season, when manatees are using a more extensive range with less thermal 
limitations, have reported manatees in small, temporary groups of varying ages and sex 
(Bengston 1981, Zoodsma 1991, Koelsch 1997). 
The evidence that Sirenians exhibit seasonal reproductive patterns in behavior is 
rather ambiguous and early studies have reported no support for strong seasonality in 
these behaviors (Marsh et al. 1978, Hartman 1979). More recently, Hernandez et al. 
(1995) has reported seasonal spermatogenesis in male manatees with peak production in 
summer months. Also, seasonal variation in female reproductive hormones has been 
shown in captive manatees (Larkin 2000). The basic reproductive traits described in 
female manatees include a 13-month gestation period, litter size of one (rarely twins), 
peak in spring births, calf dependency of 1-2 years and sexual maturity achieved between 
3-5 years (Hartman 1979). Males as short as 252 cm and only 2-3 years old, referred to as 
sub-adults, can have fully spermatogenic testes (Hernandez et al. 1995). Although these 
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smaller males are at a disadvantage in physically competing with larger adult males for 
access to receptive females, they are capable of potentially impregnating females. 
Furthermore, the movement and behavioral habitat selection of manatees within a given 
area may be influenced by the age and sex composition of individuals.  
The size and number of areas visited by manatees for extended periods of time 
vary by sex and reproductive status. For instance, in the non-winter season, radio-tagged 
male manatees travel circuits within the St. John’s river system, periodically 
accompanied by other males (Bengston 1981). Males appear to be patrolling in order to 
increase the number of encounters with females, especially estrous females. Females 
spent more time in smaller areas of vegetation patches, moving less than males, possibly 
to increase the likelihood of males locating them. Furthermore, in Sarasota Bay, Florida 
mother-calf sightings were greater than other groups in enclosed bays, indicating bays 
may be a safe nursing habitat (Gannon et al. 2007).  
Manatee activity is influenced by habitat characteristics relative to individual 
requirements. Manatees select among their basic behaviors depending on the availability 
of energy and nutrient intake. Availability of energy is known to be directly influenced 
by relatively large seasonal fluctuations in water temperatures (16 – 28 °C). Manatee 
behavior is affected by the distribution of warm-water refuges in the winter and suitable 
forage in the non-winter months (USFWS 2001). At warm water refuges manatees may 
rest up to 12 hr/day to conserve energy, which accounts for the majority of their activity 
budget during winter months (Hartman 1979). Feeding in vegetation patches and 
traveling between suitable areas to forage accounts for the majority of manatee activity 
budgets in the non-winter. During this time manatees feed 6–8 hr/day in shallow grass 
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beds (Best 1981, Marshall et al. 2000) ingesting approximately 7% of their body weight 
in vegetation daily (Etheridge et al. 1985). While manatees typically use different habitats 
in the winter and non-winter, comparisons of the factors affecting manatee behavior are 
especially valuable when the same habitat is used because differences in activity patterns 
are less likely to result from the physical structure of the habitat. 
Kings Bay is a section of the Crystal River National Wildlife Refuge (CRNWR) in 
Crystal River, Florida. This habitat has been established as a manatee sanctuary for the 
winter season since 1980. Kings Bay contains artesian springs that provide warm water 
refuges for manatees to aggregate around and conserve energy in during the winter. 
Current aerial counts of manatees estimate up to 400 individuals in Kings Bay at any one 
time during winter months (Reep and Bonde 2006). Crystal River was the site of seminal 
work on manatee behavior done by Hartman (1974) who conducted the majority of his 
research during the winter season. Early studies reported that relatively few manatees 
were observed to use wintering sites during warmer months (Hartman 1979, Irvine and 
Campbell 1978). However, over the past 10 years manatees have been using Kings Bay 
year round in increasing numbers with aerial survey counts ranging from 30-80 animals 
(USFWS unpublished data). The year round use of Kings Bay has been attributed to a 
rise in two sub-populations of manatees in Florida (Reep and Bonde 2006). Because this 
non-winter use is relatively recent less information is known about the activity patterns of 
manatees in what has typically been only a winter refuge. 
The location of artesian springs has been documented as an important habitat feature 
that influences manatee use of Kings Bay seasonally (Kochman et al. 1985). Water 
temperature at springs is 23-24 °C throughout the year and at times may be up to 7 °C 
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warmer or cooler than surrounding bay waters depending on the season (Hartman 1979). 
Furthermore, less edible vegetation was found in areas with than without springs (Berger 
2007).  
Because of temperature constraints in the winter season, manatees of different age 
and sex classes should show similar behavioral activity budgets. All manatees are 
expected to rest more when located at warm water springs and travel or feed more when 
away from springs during the winter season. Therefore, the first objective of this study 
was to examine behavioral differences in manatees by age or sex classes and between 
areas with or without springs during the winter season.  
During the non-winter, manatees are freer from thermal constraints.  Hence, the 
variation in behavioral activity budgets should be influenced more by age and sex class 
than by the presence or absence of springs. Post-puberty adult and sub-adult male 
manatees are expected to swim more than post puberty females while females are 
predicted to feed more than males based upon the sexual dimorphism in mating strategies 
and parenting. Calves (pre-puberty individuals) are predicted to show the greatest 
behavioral variation because they are not constrained to provide nutrients to offspring nor 
search for mates. Therefore, the second objective of this study was to examine manatee 
behavioral differences influenced by age and sex classes in the non-winter season.  
Overall, manatees are expected to rest more in the winter and feed more during the 
day in the non-winter. They should exhibit a greater range or variance in behavioral states 
in the non-winter. Thus, the third objective of this study was to compare the behavioral 
activity budgets of manatees between seasons and in consideration of spring presence or 
absence. 
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METHODS 
Study Site 
Kings Bay is approximately 2 km long by 1 km wide and forms the headwaters of 
the Crystal River, which flows into the Gulf of Mexico 11 km to the northwest (Kochman 
et al. 1985) (Figure 2.1). The bay consists of roughly 30 sub-aqueous springs with some 
of the springs reaching depths of 10 m or more; the majority of the bay is relatively 
shallow at 1-3 m (Rosenau et al. 1977). Kings Bay is subject to tidal influences and 
experiences daily fluctuations in water levels of roughly 60 cm. Lowest and highest tides 
occur in the winter and non-winter seasons, respectively.  
The U.S. Fish and Wildlife Service (USFWS) has designated the enforcement of 
specific boating regulations during the winter season, effective from November 15 – 
April 30; more relaxed rules are in effect from May 1 to November 14, referred to in this 
thesis as the non-winter season. During the winter, boats in Kings Bay are required to 
travel at idle speed; boats and people are not allowed in any of the seven manatee 
sanctuaries (red shaded areas in Figure 2.1). During the non-winter season, only certain 
areas in the bay maintain the idle speed limit for boats and all Federal manatee 
sanctuaries are lifted, providing less protection for manatees. “Swim with the manatee” 
tours still exist, yet because of a reduction in the number of manatees much of the human 
activity is focused on recreational water craft use. 
Continuous Behavioral Focal Observations 
Behavior sampling was conducted from May 2005 – May 2006. The winter 
season lasted from November 2005 until March 2006. The time designated the non-
winter season in this study was a combination of two discontinuous non-winter seasons. 
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The first lasted from May 2005 to October 2005 while the second accounted for the 
months of April and May 2006. Observations were made while sitting or standing in a 
two-person, sit-on-top kayak (Malibu model by Ocean Kayak).  Standing up provided a 
better view with reduced glare.  Focal animal observations were used with continuous 
recording for up to 25 minutes (Altmann 1974, Mann 1999). The focal animal was 
chosen based on accessibility and ease of viewing from individuals present at the site 
(Martin and Bateson 1993; Lehner 1996). The average length of a focal observation was 
21.2 ±0.38 SE min (winter: 22.1±0.4 min; non-winter: 20.4±0.4 min). A total of 218 days 
and 663 hours were spent in the field conducting focal observations. Actual time spent 
collecting focal data totaled 93 hours on 264 unique animals with an overall success rate 
of  14.0% (focal hours/field hours). 
 In the winter season, a total of 98 days (293 h) were spent in the field with 42 h of 
focal data collected on 114 unique individuals. Adults, sub-adults, and calves made up 
58%, 26% and 16% of the 114 focal animals, respectively (Table 2.1).Twenty-four were 
females, 45 were males, and 45 were unsexed individuals. Considering the sub-habitat of 
spring presence and absence, 52% of observations were conducted at springs and 48% in 
areas with no springs (Table 2.1). 
In the non-winter season, a total of 120 days (370 h) were spent in the field with 
51 h of focal data collected on 150 unique individuals. In the first season 123 
observations were conducted with the remaining 27 conducted in the second season. 
Adults, sub-adults, and calves made up 41%, 27%, and 32% of the 150 focal animals, 
respectively (Table 2.2). Additionally, 46, 45 and 39 individuals were female, male, and 
 56
unsexed individuals, respectively. Forty-four percent of focal observations were 
conducted at springs and 56% in areas with no springs. 
Manatees were aged by comparing the size of individuals to the length of the 4 m 
kayak. Adult manatees are on average ≥3 m in length with sub-adults ranging from 2.9-
1.5 m and calves <1.5 m (Odell 1977). General aging of manatees was based from these 
descriptions when observing from the kayak and confirmed when photographing in the 
water. An even sampling of individuals was attempted by selecting among age classes at 
one site but was limited to the composition of manatees encountered. If an individual of 
an underrepresented age was not available then focal observations were conducted by 
selecting from the manatees available. The sex of individuals was unknown before the 
focal observation with the exception of an adult female with a calf. 
Because the natural behaviors of manatees were desired in this study, individuals 
were followed at a distance to avoid disturbance. As required by the study’s permit (# 
MA066878-0) and the Endangered Species Act of 1973, if a manatee attempted to leave 
as a result of my presence, I did not pursue and terminated the session. If during an 
observation bout, other boats or people disturbed my focal animal, sampling was 
terminated for the length of the disturbance and so noted. The observation continued once 
the animal resumed its normal behavior, which was determined by comparing to the 
individual’s behavior before the disturbance. If disturbance exceeded 5 min and the focal 
length was less than 10 min, then the focal was discarded. Any focal observation less 
than 10 min was not used for analyses. 
After completing a focal observation, I entered the water to sex and photograph 
the focal animal and other manatees using a C-40 Olympus digital camera with an Ikelite 
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underwater housing. An identification catalogue was established with photographs of 
individuals and the location, time and day the animal was encountered. I attempted to 
obtain photographs of the head, tail and each side along with obvious scars elsewhere on 
the body. Unique scar patterns along with size, sex and other body features were used to 
individually identify manatees. In addition, all other manatees in the area of focal animals 
were photographed when possible.  
Manatees in the winter often could not be sexed because either they resided or 
moved inside no entry sanctuaries during the observation bout, poor water visibility or 
the animals moved away too quickly.  The latter two problems also occurred in the non-
winter season.  In all cases, such animals were labeled as unknown sex. Calves were the 
most difficult to sex because of undeveloped genitalia. Because animals were chosen 
haphazardly during focal observations without prior knowledge of sex or identity, there 
was an unequal representation of the population composition. Only unique animals were 
used in the data set. 
An ethogram was created based upon past and current studies of manatee 
behavior (modified from Horikoshi-Beckett and Schulte 2006) (Table 2.3). State 
behaviors are defined as behaviors that contain a measurable duration of 5 seconds or 
greater (Martin and Bateson 1993). State behaviors were designated as feed, rest, swim, 
and other. Multiple behaviors were categorized as “other,” such as cavort, play, rub and 
nurse (Table 2.3). Event behaviors (those of ≤5 seconds and measured as a frequency) 
were not recorded reliably because of the difficulties involved with observing manatees 
in finer detail from above the water. Event behaviors occurred too quickly to accurately 
assess. Many event behaviors performed by manatees were during social interactions, in 
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which case a large amount of bottom substrate was suspended into the water column 
making it difficult to observe. 
Analysis 
All statistical analyses were carried out using the JMP statistical software (version 
5.1) at α = 0.05 for the level of significance. Descriptive statistics were reported as the 
mean and standard error (mean ± SE). Data were not normal and log transformations did 
not normalize (Martin and Bateson 1993 for proportion data). Therefore, statistical 
analyses were performed non-parametrically. Because sample size was reduced when 
comparing age and sex differences across seasons, all analyses were run with non-
parametric equivalents of one-way analysis of variances (ANOVA) to retain power. The 
Mann-Whitney U test was used to determine differences among means when two groups 
were being compared and a Kruskal-Wallis test was used when comparing more than two 
groups. Only one data point per behavior was used for each unique individual; multiple 
focal observations on the same animal were averaged. 
Within season differences among the four state behaviors were determined 
through comparison of each behavior to every other behavior. A Hochberg adjusted p-
value was used to account for making multiple comparisons within the same data and to 
reduce the probability of making a Type I error (Sokal and Rohlf 1995). Behavioral 
differences between seasons were examined within each behavior and all test statistics 
were reported with the Man-Whitney U test. Behavioral differences of mean proportions 
and bout durations also were examined between age classes within the winter season, in 
which case a Hochberg adjusted p-value was used. In the non-winter, comparisons were 
made by each behavior between the age and sex classes. Therefore, the Man-Whitney U 
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test was desirable. A behavioral bout was calculated as the average duration of each 
complete occurrence of the behavior for an individual. In comparisons by sex, the 
unsexed animals within each season were removed from the analyses. 
The independent variables for this study were age class, sex and spring presence 
or absence. Age classes were adults, sub-adults, and calves. Sex classes were males and 
females. The dependent variables measured were the mean individual proportions and 
bout durations of feed, rest, swim and other state behaviors. Proportions were used to 
provide an overall description of what behaviors manatees were performing and to adjust 
for differences in length of the focal observations. Bout durations gave further detail into 
the length of each behavior (Lehner 1996).  
RESULTS  
Winter 
Manatees did not apportion their time equally among the four major state 
behaviors (H3,110=35.1; p=0.0001) in the winter season; they spent 53% of their time 
resting, 27% feeding, 17% swimming and 3% performing other behaviors. As expected, 
the behaviors that they exhibited were influenced by the presence or absence of springs 
(Figure 2.2A). Manatees at springs rested (U1,112=5.6; p=0.0001) and swam (U1,112=4.0; 
p=0.0001) in greater proportions and fed (U1,112=6.9; p=0.0001) in smaller proportions 
than manatees observed while not at springs. In addition, while at springs manatees rested 
7 times as long (U1,112=5.4; p=0.001), swam twice as long (U1,112=4.0; p=0.001), yet fed 
one-third as long (U1,112=6.3; p=0.0001) as when they were not at spring areas (Figure 
2.2B). Also as expected, differences in behavior between age classes and sex were 
minimal due to the constraints of temperature during the winter season. 
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Proportionally adults and sub-adults had similar behavioral activities patterns and 
spent the greatest to least amount of time resting, feeding, swimming, and performing 
other behaviors. No differences were found within behaviors between these two age 
classes. On the other hand, calves swam 44%, rested 29%, fed 23% and performed other 
behaviors 4% of their time in the winter season (Table 2.4). The age classes differed in 
the duration of swim bouts (H2,91=12.1; p=0.002) with calves swimming longer than both 
adults (U1,82=10.9; p=0.001) and sub-adults (U1,46=8.9; p=0.003) (Figure 2.3). Over all 
three age classes, males and females followed the same trend, spending the greatest to 
least proportion of time resting, feeding, swimming, and performing other behaviors. 
Non-winter 
In the non-winter season, manatees also allocated their activity unequally among 
the four major state behaviors (H3,146=63.4; p=0.0001); they spent 49% of the time that 
they were observed feeding, 25% swimming, 17% resting, and 9% performing other 
behaviors. Adult and sub-adult manatees allocated their activity budgets similarly while 
calves performed behaviors in a different manner compared to adults and sub-adults 
(Figure 2.4). 
Some of the predicted differences in activity patterns by age class and sex were 
evident during the non-winter season. Adult and sub-adult females fed longer than adult 
males (AF: U1,49=8.1; p=0.005; S-AF: U1,19=5.0; p=0.03) (Figure 2.5A); however, adult 
males did not exhibit longer swim bouts than adult or sub-adult  females (Figure 2.5C). In 
fact, adult males had longer bouts of resting than adult females (U1,49=9.3; p=0.002) but 
not sub-adult females (Figure 2.5B). Sub-adult males had longer bouts of other behaviors 
(e.g., social interactions) than adult females (U1,62=4.6; p=0.03), while sub-adult females 
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had longer bouts of other behaviors than adult males (U1,19=9.8; p=0.002) (Figure 2.5D). 
Male and female calves showed no significant differences in the proportion or duration of 
their state behaviors. However, calves fed for shorter durations (U1,148=14.1; p=0.0002) 
and swam (U1,148=16.2; p<0.0001) and performed other behaviors (U1,148=11.8; 
p=0.0006) for longer durations of time than post-puberty manatees (Figure 2.6). 
During non-winter months, manatees in the presence and absence of springs spent 
from the greatest to the least amount of average time feeding, swimming, resting, and 
performing other behaviors with no behavioral differences between spring sub-habitats. 
Seasonal Comparisons  
As predicted, the behavioral patterns of manatees differed between seasons with 
greater resting in the winter and more feeding in the non-winter.  Manatees fed 
(U1,262=4.2; p=0.0001), swam (U1,262=2.4; p=0.02), and performed the other  behavioral 
category (U1,262=7.7; p=0.0001) more in the non-winter and rested (U1,262=6.3; p=0.0001) 
a greater proportion of time during the winter (Table 2.4). However, the bout length for 
feeding by manatees was longer in the winter than non-winter season (U1,262=3.2; 
p=0.002). Manatees performed swimming (U1,262=3.9; p=0.0001) and the other 
behavioral category (U1,262=8.9; p=0.0001) for longer bout durations in the non-winter 
season with no difference in bout duration for resting when compared between seasons 
(Figure 2.7A). 
When at springs manatees spent a greater proportion of their time feeding 
(U1,123=2.35; p=0.019) and performing other behaviors (U1,123=7.03; p=0.0001) in the 
non-winter and rested more (U1,123=3.50; p=0.0005) in the winter (Table 2.4). In addition, 
manatees performed longer bouts of swimming (U1,123=2.53; p=0.001) and the other 
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behavioral category (U1,123=7.96; p=0.0001) in the non-winter compared to the winter 
season (Figure 2.7B). 
In areas without springs, manatees spent a greater proportion of time their time 
resting (U1,137=2.49; p=0.013), swimming (U1,137=2.36; p=0.018) and performing other 
behaviors (U1,137=3.76; p=0.0003) in the non-winter and fed (U1,137=3.99; p=0.0001) a 
significantly greater proportion of the time in the winter (Table 2.4). Furthermore, bout 
durations showed similar differences with longer bouts of rest (U1,137=1.95; p=0.05), 
swim (U1,137=3.43; p=0.001), and other (U1,137=4.72; p=0.0001) performed in the non-
winter and longer bouts of feeding (U1,137=5.52; p=0.0001) in the winter (Figure 2.7C).  
DISCUSSION 
 Manatees were found to rest the greatest amount of time in the winter and feed the 
most during the non-winter, which supports previously conducted research in Kings Bay 
(Hartman 1974). Because of thermal constraints in the winter season (Irvine 1983), 
manatees displayed less variance in behavioral states attributed to age or sex class and 
more variance attributed to sub-habitats. With fewer thermal constraints in the non-winter 
compared to winter, variation in manatee behavior could be attributed more to sexual and 
development differences than to constraints imposed by sub-habitats. Calves were found 
to behave most differently than adults and sub-adults of either sex in each season. 
Habitat type had a greater constraint on manatee behavior in the winter season 
compared to the non-winter season. In the winter, manatees spent most of their time 
resting at springs, but when away from springs 75% of a their time was spent feeding. 
This was nearly 25% greater than the time allocation of manatees feeding in the same 
areas during the non-winter. Areas of the bay that do not contain springs are regions with 
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abundant edible vegetation (Berger 2007). Thus, manatees resting at springs in the winter 
season must leave the comfort and protection (via sanctuaries) of warm waters in order to 
feed in colder waters elsewhere in the bay. Manatees are limited to the amount of time 
they can remain in these cold waters because of high thermal conductance and as a result 
are very intent on feeding (Worthy et al. 2000). These findings support the importance of 
sanctuaries established in documented feeding sites during the winter season so that 
manatees may feed without harassment by humans. In the non-winter temperatures are 
less of a factor than in the winter and as such manatees can more easily move about 
Kings Bay in search of edible vegetation so that the presence of springs is not an 
important factor in their movements or behaviors.  
In the non-winter, adults and sub-adults spent the majority of their time feeding in 
and traveling to foraging areas. These activities are important in providing the necessary 
energy for growth, reproductive success, and survival. Calves swam and performed other 
behaviors more and fed and rested less than adults and sub-adults. Pre-adult animals can 
afford to display greater behavioral variation because they are not constrained to provide 
nutrients to offspring nor search for mates.  
Consistent with previous studies (Duetsch et al. 2003), adult female manatees 
were found to spend more of their activity budgets foraging when compared to adult 
males. However, contrary to expectation, adult males did not swim for a greater 
proportion of time or for longer bout durations than adult females, but adult males did 
have longer bouts of resting than other manatees. Adult manatees have been shown to 
patrol possible circuits in search of receptive females (Bengston 1981). Adult male 
manatees may use Kings Bay as a refuge. It is possible that the limitation of the 
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observational methods (e.g., watching from a kayak) may have reduced the sample size 
of highly active males and biased the data toward more sedentary individuals.  Further 
study is necessary to examine this possibility.  
The age and sex class distribution of the focal observations during the non-winter 
season indicate an unequal proportion of manatees from the different age class and sex 
combinations in Kings Bay. Although these numbers do not provide conclusive estimates 
of the population composition, they may indicate population trends. A high number of 
mothers and calves were followed during the non-winter. If consistent with results found 
in Sarasota Bay suggesting mothers and calves use enclosed bays as protected areas to 
raise young (Gannon et al. 2007), Kings Bay may provide such protective habitat for 
mothers with their calves. Furthermore, if the non-winter manatee population in Kings 
Bay is composed largely of adult females with calves (presumed to not be receptive), 
adult males may not frequent the area. This would provide an explanation for the low 
number of adult males recorded in the bay. 
In contrast to the low counts for adult males, a large number of sub-adult males 
were recorded in the bay during the non-winter season. Sub-adult males are often not able 
to compete successfully for receptive females; they are still developing the skills to 
become successful mates. Sub-adult males were shown to perform other behaviors more 
than adult females, including various forms of social contacts. In captivity, sub-adult 
males have been observed repeatedly harassing adult females and attempting to mount 
while females would retaliate aggressively at times (Harper and Schulte 2005). Thus, 
sub-adult males may use Kings Bay as a safe place to prepare for later adult roles by 
locating mother-calf pairs and practicing mating behaviors. 
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The Florida Manatee Recovery Plan’s main objectives include (1) minimizing 
causes of disturbance, harassment, injury, and mortality; (2) determining and monitoring 
the status of manatee populations; (3) protecting, identifying, evaluating, and monitoring 
manatee habitats; and (4) facilitating recovery through public awareness and education 
(USFWS 2001). This study provides information to fulfill objectives of the Manatee 
Recovery Plan that cited the need to better understand and monitor the interactions 
between manatees, habitat, and people. Dispersion patterns coupled with behavioral 
patterns may provide valuable information regarding specific habitat use. Studying 
dispersion and behavior patterns of a species gives information to conserve the species 
and provides insight into the workings of the ecosystem. With the knowledge gained 
from studying both dispersion patterns and behavioral activity budgets of manatees 
within the same habitat between seasons, precise recommendations may be provided to 
aid in conservations efforts of this endangered animal. Furthermore, examination of the 
population composition of manatees using Kings Bay in the non-winter season could 
provide further indication as to how this relatively recent use is related to manatee 
dispersion on a large scale. Thus, knowledge gained from this examination could aid in 
management decisions regarding a large proportion of the population of this endangered 
species. 
It is currently not known whether a sub-set of the animals in the winter are using the 
bay year round, if this non-winter population is composed of transient groups of manatees 
traveling among feeding patches, or a combination of the two. The year round use of 
Kings Bay has been attributed to a rise in two sub-populations of manatees in Florida 
(Reep and Bonde 2006). Common feeding grounds during the non-winter seasons have 
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become over-exploited because of these recent population increases. This may be causing 
a specific age and sex sub-group of manatees from Kings Bay to remain there perhaps for 
special purposes (i.e. mothers with calves using the bay as a nursing ground, older 
manatees using the bay as a safe resting/feeding ground, recently weaned manatees using 
familiar natal ground, etc.) or to avoid competition for food. A second hypothesis is that 
manatees reside in Kings Bay in the winter then move north, while manatees further 
south in the winter move into Kings Bay. A third hypothesis combines the first two with 
the greatest mixing of different manatees occurring during the non-winter months 
because manatees range much further at this time. The photo-identification of manatees 
could provide insight in helping examine these hypotheses. 
The photo-identification of manatees in this study provided an accurate portrayal of 
population composition.  The identification of exact individuals with records of previous 
sightings will be accomplished by the Manatee Individual Photo-identification System 
(MIPS), managed by the US Geological Survey’s Sirenia Project (Beck & Reid 1995). 
This database was developed in the 1970s to gather identification records and long-term 
observational histories of individually recognizable manatees (Reid et al. 1991). It 
currently contains records of over 1000 individuals with over 14,000 sightings. 
Photographs taken during this study have been submitted for matching in the database. 
 
 
 
 67
REFERENCES 
Ackerman, B. B., 1995. Aerial surveys of manatees: a summary and progress report. In: 
O’Shea, T.J., B.B. Ackerman, and H.F. Percival (eds). Population Biology of the 
Florida Manatee. US Department of Interior, National Biological Service 
Information and Technical Report 1. 12–33 pp. 
 
Altmann, J.  1974.  Observational study of behavior: sampling methods.  Behaviour 49: 
227-267. 
 
Beck, C. A., and J. P. Reid. 1995.  An automated photo-identification catalog for studies 
of the life history of the Florida manatee. In: O’Shea, T.J., B.B. Ackerman, and 
H.F. Percival (eds). Population Biology of the Florida Manatee. US Department 
of Interior, National Biological Service Information and Technical Report 1. 120–
134 pp. 
 
Bengston, J. L.  1981.  Ecology of manatees (Trichechus manatus) in the St. Johns River, 
Florida. Ph.D. dissertation, University of Minnesota, Minneapolis, MN. 126 pp. 
 
Bengtson, J. L. 1983. Estimating food consumption of free ranging manatees in Florida. 
Journal of Wildlife Management  47: 1186–92. 
 
Berger, R. W. 2007. Florida manatee (Trichechus manatus latirostris) seasonal dispersion 
patterns in the Crystal River National Wildlife Refuge. Masters thesis, Georgia 
Southern University, Statesboro, Georgia. 
 
Best R. C. 1981. Foods and feeding habits of wild and captive Sirenian. Mammal Review 
11: 3–29. 
 
Deutsch, C. J., J. P. Reid, R. K. Bonde, D. E. Easton, H. I. Kochman and T. J. O’shea. 
2003. Seasonal movements, migratory behavior, and site fidelity of West Indian 
manatees along the Atlantic coast of the United States. Wildlife Monographs 151: 
1–77. 
Etheridge, K. G.B. Rathbun, J.A. Powell, and H.I. Kochman. 1985. Consumption of 
aquatic plants by the West Indian Manatee. Journal of Aquatic Plan Management 
23: 21-25. 
 
Gannon J. G., K. M. Scolardi, J. E. Reynolds III, J. K. Koelsch and T. J. Kessenich. 2007. 
Habitat selection by manatees in Sarasota Bay, Florida. Marine Mammal Science 
23: 133-143. 
 
Harper, J. Y., and B. A. Schulte. 2005. Social interactions in captive Florida manatees. 
Zoo Biology 24:135-144. 
 
 68
Hartman, D. S.  1974.  Distribution, Status and Conservation of the Manatee in the 
United States. U.S. Fish and Wildlife Service. National Fish and Wildlife 
Laboratory Report l4-l6-0008-748. NTIS Document PB81-140725. 246 pp.  
 
Hartman, D. S.  1979.  Ecology and behavior of the Florida manatee (Trichechus 
manatus) in Florida. Special Publication No. 5.  American Society of 
Mammalogists. 
 
Hernandez, P., J.E. Reynolds, H. Marsh, and M. Marmontel. 1995. Age and seasonality 
in spermatogenesis of Florida manatees. In: T.J. O’Shea, B.B. Ackerman and H.F. 
Percival (eds). Population biology of the Florida manatee. National Biological 
Service, Washington D.C. 84-97 pp. 
 
Horikoshi-Beckett, C., and B.A. Schulte. 2006. Activity patterns and spatial use of 
facility of a group of captive female manatees (Trichechus manatus latirostris). 
Zoo Biology 25: 285-301. 
 
Irvine, A. B.  1983.  Manatee metabolism and its influence on distribution in Florida. 
Biological Conservation 25: 315-334. 
 
Irvine, A. B., and H. W. Campbell. 1978. Aerial census of the West Indian manatee 
(Trichechus manatus) in the southeastern United States. Journal of Mammalogy 
59: 613-630. 
 
Kochman, H. E., G. B. Rathbun, and J. A. Powell. 1985. Temporal and spatial 
distribution of manatees in Kings Bay, Crystal River, Florida. Journal of Wildlife 
Management. 49 (4): 921-924. 
 
Koelsch, J.K.  1997.  The seasonal occurrence and ecology of Florida manatees 
(Trichechus manatus latirostris) in coastal waters near Sarasota, Florida.  Masters 
thesis, University of South Florida, Sarasota, Florida. 121 pp. 
 
Laist, D.W., and J.E. Reynolds III. 2005. Influence of power plants and other warm-water 
refugia on Florida manatees. Marine Mammal Science 21: 739–764. 
 
Larkin, I.L.V. 2000. Reproductive endocrinology of the Florida manatee (Trichechus 
manatus latirostris): estrous cycles, seasonal patterns and behavior. Ph.D. 
dissertation. University of Florida. 
 
Lehner, P.N. 1996. Handbook of Ethological Methods. Cambridge University Press, 
Cambridge, UK. 
 
Mann, J. 1999. Behavioral Sampling Methods for Cetaceans: A Review and Critique. 
Marine Mammal Science 15 (1): 102-122. 
 
 69
Marsh, G., A.V. Spain, and G.E. Heinsohn. 1978. Minireview: physiology of the dugong. 
Comparative Biochemistry and Physiology 61: 159-168. 
 
Marshall C.D., P.S. Kubli, G.D. Huth, V.M. Edmonds, D.L. Halin, and R.L. Reep. 2000. 
Food handling ability and feeding-cycle length of manatees feeding on several 
species of aquatic plants. Journal of Mammals 81: 640–58. 
 
Martin P. and P. Bateson. 1993. Measuring behaviour: an introductory guide. 2nd ed. 
Cambridge: Cambridge University Press. 222 pp. 
 
Odell, D.K. 1977. Age determination and biology of the manatee. Final Report, United 
States Fish and Wildlife Service. Contract 14-16-0008-930. 
 
Reep, R.L. and R.K. Bonde. 2006. The Florida Manatee: Biology and Conservation. 
University Press of Florida, Gainesville, Florida. xvi. 189 pp. 
 
Reid, J.P., G.B. Rathbun and J.R. Wilcox. 1991. Distribution patterns of individually 
identifiable West Indian manatees (Trichechus manatus) in Florida. Marine 
Mammal Science 7: 180–190. 
 
Rosenau, J.C., G.L. Faulkner, C.W. Hendry, Jr., and R.W. Hull.  1977.  Springs of 
Florida. Bulletin No. 31 U.S.  Geological Survey.  Prepared by the Bureau of 
Geology and Bureau of Water Resources Management, Florida Department of 
Natural Resources. 461 pp. 
 
Sokal R.R. and F.J. Rohlf. 1995. Biometry. 3rd edition. W.H. Freeman and Company 
New York, New York. 887 pp. 
 
U.S. Fish and Wildlife Service (USFWS). 2001. Florida manatee recovery plan 
(Trichechus manatus latirostris), Third revision. U.S. Fish and Wildlife Service. 
Atlanta, Georgia. 
 
Worthy, G.A.J., T.A. Miculka, and S.D. Wright. 2000. Manatee response to cold: How 
cold is too cold? U.S. Fish and Wildlife Service. Florida Manatees and Warm 
Water: Proceedings of the Warm Water Workshop, Jupiter, FL. August 24-25, 
1999. 
 
Zoodsma, B.J.  1991.  Distribution and behavioral ecology of manatees in Southeastern 
 Georgia. Research/Resources Management Report SER-91/03.150 pp. 
 
 70
TABLES 
 
Table 1.1. Water surface area (ha) of stations used in surveys by kayak, winter sanctuary surface 
areas, and their relationship to the total area (244 hectares) of Kings Bay.  
Station #  Area/Station# 
Sanctuary area 
in station 
Proportion of 
sanctuary/station 
Proportion 
of 
station/bay 
Total bay 
sanctuaries 
1 12.2 0 0 0.05 0 
2 10.9 0 0 0.04 0 
3 24.0 3.1 0.13 0.10 4.3 
4 17.7 0 0 0.07 0 
5 20.2 0 0 0.08 0 
6 11.7 0 0 0.05 0 
7 28.6 0 0 0.12 0 
8 16.9 0 0 0.07 0 
9 23.6 5.1 0.21 0.10 5.1 
10 25.6 2.5 0.10 0.10 4.3 
11 4.4 0.9 0.29 0.02 1.3 
12 2.9 0.08 0.03 0.01 0.08 
Total 198.7 12.0 0.06 0.82 18.8 
 See figure 1 for visual details (1 km2  = 100.1 hectares )  
 Sanctuaries not in kayak survey but included under total sanctuary surface area of the bay 
    - North side of Banana Island = 1.9 hectares & North side of Warden Keys = 2.0 hectares 
 Station 9 sanctuary area is the addition of two separate sanctuaries (2.3 + 2.8 = 5.1 hectares) 
Sanctuary total of the West & North sides of Buzzard Islands total 8.5 hectares which station 3 & 10 share 
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Table 1.2. Station numbers for surveys via kayak, letter designations for the vegetation sampling 
plots and the corresponding GPS coordinates of the plots sampled within Kings Bay from 
September 2005-May 2006. 
Kayak Station Number Vegetation Sampling Plot GPS Coordinate 
1 
 
R 
 
28°53’39.63”N : 82°35’31.88”W 
 
 
2 
 
 
I 
P 
 
 
28°53’38.75”N : 82°35’59.16”W 
28°53’49.32”N : 82°35’54.53”W 
 
 
3 
 
 
N 
 
 
28°53’27.27”N : 82°36’02.94”W 
 
 
4 
 
 
M 
 
 
28°53’15.30”N : 82°36’11.89”W 
 
 
5 
 
 
E 
 
 
28°53’07.02”N : 82°35’59.83”W 
 
 
6 
 
 
K 
 
 
28°52’52.25”N : 82°36’16.58”W 
 
 
7 
 
 
D 
 
 
28°52’55.48”N : 82°36’04.27”W 
 
 
8 
 
 
B 
C 
 
 
28°52’42.63”N : 82°35’47.05”W 
28°52’47.11”N : 82°35’57.50”W 
 
 
9 
 
 
A 
 
 
28°52’49.60”N : 82°35’40.87”W 
 
 
10 
 
 
G 
L 
 
 
28°53’10.39”N : 82°35’52.53”W 
28°53’16.82”N : 82°35’56.58”W 
 
 
11 
 
 
J 
 
 
28°53’23.91”N : 82°35’34.17”W 
 
 
12 
 
Q 
 
28°53’16.40”N : 82°35’22.68”W 
Kayak stations which had more than one vegetation sampling plot were averaged to obtain only one value 
of percent edible vegetation per station 
Vegetation plot letters were taken from the methods used in Kochman et al. 1985
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Table 1.3. Seasonal mean percent ± SE of edible vegetation, an invasive cyanobacterium and bare 
substrate (both classified as inedible to manatees) surveyed within Kings Bay1.  
Scientific Name Common Name or Type Mean Winter % Mean Non-Winter %
Bare Ground                        33.4 ± 9.4 26.3 ± 12.0 
Ceratophyllum demersum Coon’s tail 0.3 ± 0.3 0.5 ± 0.3 
Chara spp. Macro-algae: muskgrass 0.4 ± 0.3 7.4 ± 2.6 
Hydrilla verticillata Waterthyme 4.1 ± 1.6 8.6 ± 3.2 
Lyngbya majuscule Cyanobacterium 19.6 ± 6.0 12.0 ± 4.7 
Myriophyllum spicatum Eurasian watermilfoil 11.5 ± 4.5 12.7 ± 5.0 
Najas flexilis Nodding water-nymph 6.1 ± 2.4 6.3 ± 2.7 
Potamogeton filiformis Fineleaf pondweed 14.9 ± 6.1 16.9 ± 6.2 
Vallisneria americana American eelgrass 9.7 ± 3.1 9.4 ± 3.2 
1Species of vegetation were considered edible or inedible based upon the literature and personal 
observations. 
Chara spp. is a macro-algae, Lyngbya is a cyanobacteria while the remaining species are vascular, 
flowering plants. 
Difficulty in visual distinction in the filed may have resulted in the Vaucheria spp. of algae being classified 
in the “Lyngbya” category and the vascular plant Eugaria included with H. verticillata. 
Vegetation was sampled every other month from September 2005-May 2006. 
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Table 1.4. Winter and non-winter stations used for counts of manatees and human activity performed via kayak.  Stations are described by 
habitat and percent vegetation sampled within Kings Bay from September 2005 – May 2006.  
 Winter Season Non-Winter Season 
Station # %EV Spring Sanctuary Spring & Sanctuary Combination %EV Spring 
1 5.00 ± 2.5 Yes No Either 6.00 ± 0 Yes 
2 30.7 ± 11 Yes No Either 28.7 ± 13 Yes 
3 27.3 ± 14 No Yes Either 19.3 ± 12 No 
4 82.7 ± 47 No No Neither 99.3 ± 35 No 
5 82.7 ± 30 No No Neither 98.0 ± 35 No 
6 57.3 ± 22 No No Neither 74.0 ± 30 No 
7 76.0 ± 31 No No Neither 84.7 ± 33 No 
8 35.5 ± 17 Yes No Either 72.0 ± 32 Yes 
9 8.67 ± 3.2 Yes Yes Both 16.0 ± 10 Yes 
10 81.7 ± 27 No Yes Either 98.0 ± 43 No 
11 0 Yes Yes Both 3.3 ± 1.9 Yes 
12 5.00 ± 4.1 Yes Yes Both 54.0 ± 0 Yes 
Overall 41.0 ± 9.6      54.5 ± 11*  
%EV represents the mean percent of edible vegetation. Means ± SE were calculated from three surveys conducted each season 
* Percent edible vegetation differed significantly by season (P< 0.05). 
 
 
 
 
 
 
 
 
Table 1.5. Mean counts (± SE) per survey of manatees, boats, people in the water and vegetation 
during the winter (sanctuaries and speed limits for boats in place) and non-winter (sanctuaries and 
most speed limits lifted) seasons. 
Season Months No. of surveys Manatee Boats People % EV 
Winter Nov-Apr 68 285.1 ± 40.6* 140.3 ± 11.7 103.8 ± 11.9 41.0 ± 9.6 
Non-
winter Mar-Oct 96 29.0 ± 2.5 143.8 ± 14.8 123.3 ± 17.1 54.5 ± 11 
%EV represents the percent of edible vegetation 
* Counts of manatees differed significantly by season (P< 0.05). 
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Table 1.6. Multiple logistic regression describing the distribution of edible vegetation, Lyngbya, 
boats, people, and manatees as a function of both or other spring & sanctuary combinations in the 
winter season (N= 816). 
Predictor Variables Parameter Estimates Odds Ratio* P value† R2
Whole model   0.1157 0.81 
Intercept -0.43 0.65 0.0001  
Edible vegetation -0.11 0.90 0.0001  
Lyngbya algae -0.05 0.95 0.0001  
Boats  0.12 1.13 0.0001  
People  0.04 1.04 0.0083  
Manatees  0.11 1.12 0.0001  
*Log odds of the likelihood ratio that variables are distributed in both /other category of spring sanctuary 
combinations. 
†Ho = the probability of the predictor variables being distributed in the both or other category is equal. 
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Table 1.7. Multiple logistic regression describing the distribution of edible vegetation, Lyngbya, 
boats, people, and manatees as a function of spring presence (absence/presence) in the non-winter 
season (N=1152). 
Predictor Variables Parameter Estimates Odds Ratio* P value† R2
Whole model   0.0001 0.60 
Intercept -1.18 0.31 0.0001  
Edible vegetation  0.04 1.04 0.0001  
Lyngbya algae -0.26 0.77 0.0001  
Boats -0.04 0.96 0.0067  
People -0.05 0.95 0.0004  
Manatees  0.06 1.06 0.0037  
*Log odds of the likelihood ratio that variables are distributed in absence/presence category of springs 
†Ho = the probability of the predictor variables being distributed in the presence or absence category is equal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 77
Table 2.1. Winter total focal animal observations by age and sex with regards to spring 
presence and absence. 
Winter Springs Present Springs Absent 
 Age Class  Age Class  
Sex A S C Total A S C Total 
F 7 0 1 8 11 3 2 16 
M 21 6 1 28 6 10 1 17 
U 7 7 9 23 14 4 4 22 
Total 35 13 11 59 31 17 7 55 
A=adult, S=sub-adult, C=calf, F=female, M=male, U=unsexed
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Table 2.2. Non-winter total focal animal observations by age and sex class. 
Non-winter Age class  
Sex A S C Total 
F 43 12 11 66 
M 9 22 15 45 
U 10 7 21 39 
Total 62 41 47 150 
A=adult, S=sub-adult, C=calf, F=female, M=male, U=unsexed 
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Table 2.3.An ethogram of state behaviors performed by wild Florida manatees during continuous 
focal animal observations. Bold and italicized words indicate the four main state behavior categories 
under which the bolded behaviors were categorized. 
Category Behavior Definition 
Feed   
 Feed Steadily feeding in patch of aquatic vegetation 
Rest   
 Bottom Remains in one spot, breaths every 4 min or longer 
 Surface Basking or floating at surface without changing location 
Swim    
 
Mill Moving about in the same general area without cavorting 
or feeding 
 Travel Moving steadily in one general direction 
Other   
 Cavort Nuzzle, rub or interact as a group 
 Nurse Manatee calf suckles on adult female’s teat 
 Object Play  Interact with an object (i.e. boat line, piling) 
 Other Behavior not defined in ethogram 
 80
Table 2.4.Winter focal animal observations (N) and mean proportions ± SE of state behaviors by age 
classes. 
Mean Proportion Age class n  Age Class  
Behavior Season A;S;C N Adult Sub-adult Calf Overall 
Feed Winter 66;30;18 114 0.33 ± 0.06 0.19 ± 0.06 0.23 ± 0.08 0.27 ± 0.04 
Rest Winter 66;30;18 114 0.56 ± 0.06 0.64 ± 0.08 0.29 ± 0.08 0.53 ± 0.04 
Swim Winter 66;30;18 114 0.10 ± 0.03 0.15 ± 0.05 0.44 ± 0.09 0.17 ± 0.03 
Other Winter 66;30;18 114 0.01 ± 0.001 0.02 ± 0.003 0.04 ± 0.02 0.03 ± 0.01 
Age class; A=adult, S=sub-adult, and C=calf 
 81
Table 2.5.Seasonal focal animal observations (N) and mean proportions ± SE of state behaviors by 
habitat component (1spring present (P) or absent (A)). 
Mean Proportion   Habitat Component 
Behavior Season 
Kings Bay 
N 
Spring N 
P/A1 Kings Bay 
Springs 
Present 
Springs 
Absent 
Winter 114 59/55 0.27 ± 0.04 0.27 ± 0.05 0.85 ± 0.04
 a
Feed 
Non-Winter 150 66/84 0.49 ± 0.03
 a 0.43 ± 0.05 a 0.54 ± 0.05 
Winter 114 59/55 0.53 ± 0.04
 a 0.46 ± 0.08 a 0.03 ± 0.02 Rest 
Non-Winter 150 66/84 0.17 ± 0.03 0.21 ± 0.04 0.15 ± 0.03
 a
Winter 114 59/55 0.17 ± 0.03 0.25 ± 0.06 0.08 ± 0.03 Swim 
Non-Winter 150 66/84 0.25 ± 0.02
 a
0.27 ± 0.04 0.22 ± 0.03
 a
Winter 114 59/55 0.03 ± 0.01 0.02 ± 0.01 0.03 ± 0.02 Other 
Non-Winter 150 66/84 0.09 ± .001
 a 0.09 ± 0.02 a 0.09 ± 0.01 a
a Indicates significance is greater between seasons within habitat sites. Significance was achieved at p<0.05.
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 FIGURES 
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Figure 1.1. The CRNWR’s map of Kings Bay with rules and regulations for the winter season. 
Black boxes indicate survey count stations while dots represent vegetation survey plots. Red areas 
indicate manatee sanctuaries with stations 9, 11, & 12 having springs and stations 3 & 10 erected 
for feeding purposes. 
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Figure 1.2. Vegetation point sampling methods employed in Kings Bay from September 
2005-May 2006. Each plot was given a GPS location to ensure accurate measurements of 
the sample plots between surveys. At 10 random points within each 30 m plot, a 
graduated staff was dropped to the bay floor and a perpendicular cross 1 m in diameter 
was lowered to the bottom. Vegetation or bare substrate within five cm of the four tips 
and center point were identified and recorded. There was no overlap among sampling 
points within each plot. See Table 1.2 for a list of the GPS coordinates for each sampling 
plot. 
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Figure 1.3. Winter mean counts/km2 of all boats, people in the water, and manatees summarized 
by stations falling into spring and sanctuary combinations. The average percent of edible 
vegetation is summarized per spring and sanctuary combination on the secondary y-axis. See 
Table 3 for an explanation of which stations were summarized per spring and sanctuary 
combination. 
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Figure 1.4. Non-winter mean counts/km2 of all boats, people in the water, and manatees per 
survey categorized by spring presence. The mean percent of edible vegetation is summarized by 
spring presence stations on the secondary y-axis. See Table 3 for an explanation of which stations 
were summarized per spring presence or absence category.
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Figure 1.5. The non-winter relationship of manatee counts/km2 when groups of motor boats were 
present (0 - >10 motor boats). The numbers next to each data point represents the number of 
occurrences that each motor boat group was recorded. Mean manatee counts were taken from 
within each group.  
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Figure 2.1. Kings Bay in Crystal River, Florida is part of the Crystal River National 
Wildlife Refuge 90 km north of Tampa Bay, FL. 
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Figure 2.2. Comparisons of winter behavioral mean proportions (A) and durations (B) ± SE 
when manatees were found at springs or at areas without springs. N = 59 and 55 focal animal 
observations for spring presence and absence, respectively. The * denotes statistical significance 
achieved at p<0.05. 
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Figure 2.3. Mean bout durations ± SE of each state behavior for different age classes in the winter 
season 2005-2006. N = 66, 30, and 18 focal animal observations conducted on adults, sub-adults 
and calves, respectively. The * denotes statistical significance achieved at p<0.05. 
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Figure 2.4. Mean proportions ± SE of each state behavior for different age classes in the non-
winter season 2005-2006. N = 62, 47, and 41 focal animal observations conducted on adults, sub-
adults and calves, respectively. No statistical tests were run on these data.
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Figure 2.5 A-D. Mean bout durations ± SE of each state behavior compared between adult (AM) and sub-adult (SM) males to adult (AF) and sub-
adult females (SF). Figure A represents the feeding behavior where differences were found between adult males to adult and sub-adult females. 
Figure B represents the resting behavior where differences were found between adult males and females. Figure C represents the swimming 
behavior where no differences were found between age and sex classes. Figure D. represents the other behavioral category where differences were 
found between adult females and sub-adult males and between adult males and sub-adult females. Means were take from 42, 9, 22, and 12 focal 
observations on AF, AM, SM, and SF, respectively. The * denotes statistical significance achieved at p<0.05. 
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Figure 2.6. Mean bout durations ± SE of 
 
aeach state behavior compared between post puberty ( dults and sub-adults) manatees and pre puberty 
(calves) manatees for the non-winter season. See Table 2.2 for al list of sample sizes. The * denotes statistical significance achieved at p<0.05.
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Figure 2.7. Mean bout durations ± SE of each state behavior at different habitat levels for the 
winter and non-winter seasons. The * denotes statistical significance achieved at p<0.05. 
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APPENDICES  
 
APPENDIX A: EXTRA CHAPTER I TABLES & FIGURES 
 
Table A.1. Winter summarization of manatees and vegetation by spring/sanctuary combinations. Statistics report mean differences among 
spring/sanctuary groups.  
St# 
Sp/San 
Combo Mana/km2±SE Overall mean df F ratio p value %ed veg±SE  veg mean df F ratio p value 
87.54±15.28 2,813 78.30 <0.0001 4.02±2.52 2,6 649.04 <0.0001 
        
11 
12 
9 
Both 
Both 
Both 
114.95±14.18 
138.07±30.24 
9.59±1.42     
0.00±0.00 
3.38±0.58 
8.68±0.31     
2.00±0.35    34.69±12.54    
        
        
        
1 
2 
3 
8 
10 
Either 
Either 
Either 
Either 
Either 
0.49±0.21 
0.55±0.21 
1.56±0.31 
3.87±0.53 
3.53±0.46     
4.41±1.09 
25.41±2.19 
27.71±2.25 
35.51±0.51 
80.41±1.77     
3.13±0.73    74.74±5.99    
        
        
6 
7 
4 
5 
Neither 
Neither 
Neither 
Neither 
4.83±1.22 
2.25±0.37 
2.12±0.54 
3.31±0.77     
57.32±0.31 
76.35±2.10 
82.44±2.84 
82.85±1.20     
 
 Table A.2. Winter summarization of tour (TB), motor (MB), and non-motor boats (NMB) and 
people in the water (P) by spring/sanctuary combinations. Statistics report mean differences 
among spring/sanctuary groups within human activity. 
Human 
Activity 
Sp/San 
Combo 
Count Overall 
mean/km2±SE df F ratio p value 
TB Both 204 5.54±0.41 2,813 57.33 <0.0001 
TB Either 340 0.73±0.32    
TB Neither 272 0.16±0.36    
MB Both 204 20.60±1.03 2,813 114.45 <0.0001 
MB Either 340 3.70±0.80    
MB Neither 272 1.38±0.90    
NMB Both 204 8.28±0.66 2,813 46.68 <0.0001 
NMB Either 340 1.82±0.51    
NMB Neither 272 0.15±0.57    
P Both 204 31.52±2.15 2,813 75.78 <0.0001 
P Either 340 1.51±1.66    
P Neither 272 0.42±1.86    
 
 
 
Table A.3. Winter average manatees counts/km2 when TB(tour boats), MB(motor boats), 
NMB(non-motor boats), and P(people) were either present or absent. 
 Count Average ± SE df F ratio P value 
TB Absent 646 17.3 ± 2.8 1,814 15.9 < 0.0001 
TB Present 170 48.5 ± 11.0    
       
MB Absent 363 18.4 ± 3.9 1,814 2.2 0.137 
MB Present 453 28.0 ± 4.9    
       
NMB Absent 677 30.0 ± 3.7 1,814 0.203 0.652 
NMB Present 171 33.8  ±8.4    
       
P Absent 677 13.8 ± 1.9 1,814 49.6 < 0.0001 
P Present 139 72.2 ± 15.8    
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Table A.4. Winter relationships of people in the water counts/km2 to groups of TB(tour boats), 
MB(motor boats), and NMB(non-motor boats). 
Boat type # of Groups Count Mean ± SE df F ratio P value R2
TB 0 646 3.4 ± 0.7 4,807 43.3 < 0.0001 0.909 
 1 108 15.0 ± 3.9     
 2 31 41.7 ± 11.5     
 3 16 45.5 ± 24.8     
 4 11 95.0 ± 28.1     
MB 0 365 3.0 ± 1.0 5,812 9.3 < 0.0001 0.872 
 1 170 3.7 ± 1.1     
 2 104 6.8 ± 2.5     
 3 108 19.5 ± 5.7     
 4 49 28.1 ± 7.9     
 5 24 25.0 ± 8.6     
NMB 0 645 5.7 ± 0.9 5,799 4.2 <0.0001 0.288 
 1 55 14.8 ± 6.1     
 2 52 13.4 ± 5.6     
 3 35 22.0 ± 8.4     
 4 12 24.4 ± 19.5     
 5 6 12.0 ± 7.9     
 
 
Table A.5. Winter habitat classifications and corresponding dependent variable means ± SE. 
Habitat 
Component 
Habitat 
Description 
Comp. 
Category  Manatee Boats People Vegetation 
Yes 
267.5 ± 
41.5* 126.3 ± 11.0 101.9 ± 11.8 12.9 ± 2.3 Spring 
Presence 
Spring are 24 C 
year round  
No 17.5 ± 2.3 14.0 ± 1.3 1.9 ± 0.9 67.8 ± 
1.0** 
Yes 
267.6 ± 
40.9* 110.0 ± 10.2 94.8 ± 11.5 24.2 ± 1.7 Sanctuary 
Presence 
Sanctuaries areas 
are designated by 
buoys  No 17.4 ± 2.5 30.3 ± 2.6 9.0 ± 2.8 51.9 ± 1.5 
Both 
262.6 ± 
40.7* 102.6 ± 9.8* 94.6 ± 11.5* 4.0 ± 2.5 
Either 9.9 ± 0.8 31.2 ± 2.3 7.6 ± 2.3 34.7 ± 12.5 
Springs & 
Sanctuaries  
Combinations of 
springs and 
sanctuaries; both, 
either or, & 
neither 
Neither 12.5 ± 2.2 6.6 ± 0.9 1.7 ± 0.9 74.7 ± 
6.0** 
Low 
269.1 ± 
40.9* 127.9 ± 11.1 102.1 ± 11.8  Vegetation 
Abundance 
Surveyed areas 
of the bay 
containing < & > 
55% vegetation 
High 16.0 ± 2.3 12.4 ± 1.2 1.7 ± 0.9  
* Represents statistical significance 
*More manatees were using stations with springs, sanctuaries, and low vegetation 
*More manatees, boats, and people in the water were using station with springs and sanctuaries 
**More vegetation was found at stations without springs and those containing neither springs nor 
sanctuaries 
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Table A.6. Non-Winter summarization of manatees and vegetation ±SE by spring presence or absence. Station number counts were summarized to 
their corresponding spring presence.  
St# Springs Mana/km2 
Overall 
mean df Fratio pvalue %edveg  Overall mean df Fratio pvalue 
3 No 1.07 ± 0.18 3.27±0.46 1,1150 30.60 <0.0001 19.33±1.81 78.89±0.96 2,6 1044.78 <0.0001 
6 No 7.57 ± 0.90     74.00±1.60     
7 No 2.27 ± 0.33     84.67±1.94     
10 No 2.05 ±0.33     98.00±0.15     
5 No 4.02 ± 0.52     98.00±0.17     
4 No 2.68 ± 0.52     99.33±0.10     
1 Yes 1.15 ± 0.30 1.56±0.43    2.00±0.29 23.39±1.15    
11 Yes 1.15 ± 0.55     3.33±0.35     
9 Yes 0.34 ± 0.11     16.00±1.65     
12 Yes 3.76 ± 0.93     18.00±2.61     
2 Yes 1.90 ± 0.45     28.67±1.31     
8 Yes 1.05 ± 0.25     72.33±0.70     
 
 Table A.7. Non-winter summarization of tour (TB), motor (MB), and non-motor boats (NMB) 
and people in the water (P) by spring presence. Statistics report mean differences among spring 
presence within the human activity. 
Human 
Activity Spring 
Count Overall 
mean/km2±SE df F ratio p value 
TB Yes 576 1.38±0.33 1,1150 20.18 <0.0001 
TB No 576 0.53±0.33    
MB Yes 576 16.42±1.83 1,1150 72.02 <0.0001 
MB No 576 3.35±1.07    
NMB Yes 576 2.22±0.25 1,1150 29.30 <0.0001 
NMB No 576 0.29±0.25    
P Yes 576 19.42±1.83 1,1150 49.83 <0.0001 
P No 576 1.12±1.83    
 
 
Table A.8. Non-winter summarization of tour (TB), motor (MB), and non-motor boats (NMB) 
and people in the water (P) by time period. Statistics report mean differences among time periods 
within the human activity. 
 Time Period 
Count Overall 
mean/km2±SE df F ratio p value 
All Boats 1 420 5.95±1.43 2,1149 17.41 <0.0001 
All Boats 2 456 17.65±1.37    
All Boats 3 276 11.79±1.77    
Tour Boats 1 420 1.23±0.16 2,1149 9.38 <0.0001 
Tour Boats 2 456 1.14±0.15    
Tour Boats 3 276 0.23±0.19    
Motor Boats 1 420 3.43±1.27 2,1149 21.92 <0.0001 
Motor Boats 2 456 15.03±1.22    
Motor Boats 3 276 10.82±1.57    
NonMotor B 1 420 1.29±0.30 2,1149 1..35 0.261 
NonMotor B 2 456 1.52±0.29    
NonMotor B 3 276 0.76±0.37    
People 1 420 4.65± 0.37 2,1149 7.25 <0.0007 
People 2 456 16.07±2.09    
People 3 276 9.25±2.69    
Manatee 1 420 3.36± 0.26 2,1149 11.12 <0.0001 
Manatee 2 456 2.04±0.25    
Manatee 3 276 1.60±0.32    
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Table A.9. Non-winter relationships of manatee counts/km2 to groups of TB(tour boats), 
MB(motor boats), NMB(non-motor boats), and P(people). There is a significant negative 
relationship between average counts/km2 of manatees to groups of motor boats. 
Boat type # of Boats Count Mean ± SE df F ratio P value R2
TB 0 913 2.3 ± 0.2 3,1145 1.8 0.155 0.247 
 1 179 2.7 ± 0.4     
 2 42 4.1 ± 1.0     
 3 15 2.8 ± 1.0     
MB 0 913 3.1 ± 0.2 10,1150 2.4 0.007 0.802 
 1 233 2.8 ± 0.4     
 2 138 1.9 ± 0.4     
 3 79 2.0 ± 0.6     
 4 60 1.5 ± 0.6     
 5 35 0.7 ± 0.4     
 6 29 1.6 ± 0.9     
 7 19 0.6 ± 0.3     
 8 19 1.2 ± 0.8     
 9 16 0.8 ± 0.5     
 10 12 0.0 ± 0.0     
NMB 0 1014 2.4  ± 0.2 4,1142 0.1 0.969 0.134 
 1 56 2.5  ± 1.0     
 2 48 1.9  ± 0.7     
 3 21 2.7  ± 1.3     
 4 8 2.7  ± 1.8     
P 0 858 2.5  ± 0.2 10,1059 0.3 0.969 0.008 
 1 29 2.7  ± 1.4     
 2 28 1.4  ± 0.6     
 3 31 2.4  ± 1.3     
 4 34 2.6  ± 0.8     
 5 28 2.7  ± 0.9     
 6 14 1.2  ± 1.0     
 7 5 4.5  ± 2.8     
 8 17 2.7  ± 1.0     
 9 10 3.0  ± 1.4     
 10 16 1.4  ± 1.0     
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Table A.10. Non-winter habitat classification variables and corresponding dependent variable means ± SE per survey. 
Habitat 
Component Habitat Description 
Comp. 
Category  Manatee Tour Boats Motor Boats 
Non-motor 
Boats People Vegetation 
Yes 9.3 ± 1.0 8.3 ± 0.8* 97.4 ± 9.9* 13.3 ± 1.4* 116.5 ± 11.9* 23.4 ± 2.1 Spring 
Presence 
Areas without 
springs are > 24 C No 19.6 ± 2.0* 3.2 ± 0.3 20.1 ± 2.1 1.7 ± 0.2 6.7 ± 0.7 78.9 ± 1.2* 
         
Low 9.4 ± 1.0 8.3 ± 0.8 96.4 ± 9.8 13.2 ± 1.3 115.5 ± 11.8  Vegetation 
Abundance 
Surveyed areas of the 
bay containing < & > 
55% vegetation 
High 19.6 ± 2.0* 3.2 ± 0.3 21.2 ± 2.2 1.9 ± 0.2 7.8 ± 0.8  
* Significantly more manatees were found in stations which had no springs and those with high percent edible vegetation 
*Significantly more boats of all types and people were found in stations which had springs 
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B. Manatee counts/km2 on one Y-axis 
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C. Manatee counts/km2 on two Y-axes 
Figure A.1. Winter percent of edible vegetation and manatee counts/km2 by station numbers. 
Stations are in order by their spring and sanctuary combinations (both, either, neither) and 
organized from lowest to highest percent edible vegetation within the combination. Spring 
stations (12-11, 9-8, & 2-1) have significantly less vegetation than non-spring stations (3-7 & 
10)(F1,814=44.3.3, p=<0.0001, r2=0.64). Figure C has two y-axes because manatee counts/km2 at 
station 11 and 12 were much greater than remaining stations because they had the smallest area. 
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B. Manatee counts/km2 
Figure A.2. Non-Winter percent of edible vegetation and average manatee counts/km2 by station 
numbers. Stations are divided up by spring presence (no and yes) and organized from lowest to 
highest percent edible vegetation abundance within spring presence. Significantly more 
vegetation is found at non-spring stations compared to spring stations (F1,1150=1044.8, p<0.01, 
r2=0.48). Count averages were taken per station over 96 surveys while percent vegetation 
averages were taken over three surveys. 
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 C. Non-Motor Boat distribution   D. People in the Water distribution 
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 F. Edible Vegetation distribution   G. Manatee distribution 
Figure A.3. Average counts/km2 of boats, people in the water, and manatees distributed across the 12 survey count stations and average percent 
edible vegetation. Manatees are found in stations which are less likely to have human activity. Manatees are found in significantly higher numbers 
in stations where motor boats are not. 
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A. Manatee distribution related to Tour Boats  B. Manatee distribution related to Motor Boats 
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C. Manatee distribution related to Non-motor Boats D. Manatee distribution related to People in the Water 
 
 
Figure A.4. Non-winter manatee distribution by station number in relation to tour, motor, non-motor boats and people in the water. The x axis is 
ordered by stations numbers from descending vegetation abundance (st. 4 highest & st. 1 lowest). Station 3 & 8 were removed so that the five 
highest vegetative abundant stations were all non-spring while the five lowest. 
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Figure A.5. More boats, people in the water, and manatees were found in stations where springs 
were present compared to those where they were absent. 
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Figure A.6. More boats, people in the water, and manatees were found in stations where 
sanctuaries were present compared to those where they were absent. 
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 Winter time period averages per surveys
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Figure A.7. There were not differences found between the time periods in the number of boats, 
people in the water, and manatees during the winter season. 
 
 
Winter weekday & weekend averges per survey
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Figure A.8. There appears to be more manatees in the bay on weekdays during the winter season 
while boats and people in the water were not different when comparing between weekdays to 
weekends. 
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 Winter daily averages per survey
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Figure A.9. Manatees appear to display a difference in abundance by day of the week in the 
winter season while boats and people in the water do not. 
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Figure A.10. Manatee numbers appear to begin increasing in November, peak in January and 
February, and then begin to decline in March. Boats and people in the water appear to remain 
relatively consistent throughout the winter season. 
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 Non-winter time period averages per survey
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Figure A.11. More manatees were recorded in the morning hours during the non-winter season 
and begin to decline throughout the day. Boats and people in the water were low in the morning 
hours, peak in the afternoon hours and then begin to decline in the evening hours. 
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Figure A.12. Manatee numbers remained consistent when comparing weekdays to weekends in 
the non-winter season while boats and people in the water increased in numbers on the weekends 
compared to weekdays. 
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 Non-winter daily averages per survey
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Figure A.13. Throughout the days of the week in the non-winter season manatees appeared to 
remain consistent in numbers while boats and people in the water were recorded in greater 
numbers on the weekend days with lowest numbers recorded in the middle of the week. 
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Figure A.14. In the non-winter season manatee numbers steadily decreased starting in April with 
lowest numbers recorded in July and then began to increase from August to October. Manatees 
appeared to have a more negative relationship with people in the water than boats in Kings Bay 
throughout the non-winter season. 
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Figure A-15. Seasonal USFWS’s CRNWR aerial total manatee sightings and personal kayak total 
manatee sightings of Kings Bay (Berger 2007). The date of aerial survey is represented on the X-
axis and kayak surveys represent either the same day as or the closest day to the aerial survey. In 
the winter season there was a strong relationship found between the types of surveys with a 
correlation coefficient of r=0.80. In the non-winter season the relationship of survey type was 
r=0.60. The range of winter aerial surveys was 52-310 and range of kayak surveys was 8-80. The 
range of non-winter aerial surveys was 18-78 and range of kayak surveys was 4-27. Winter 
averages for aerial and kayak surveys were 173.9 ± 28.2 and 40.5 ± 8.0, respectively. Non-winter 
averages for aerial and kayak surveys were 48.0 ± 4.9 and 11.0 ± 2.0, respectively. The 
proportion of kayak to aerial total manatee sighting was consistent between seasons with an 
average of 23% in both seasons. 
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 APPENDIX B: EXTRA CHAPTER II TABLES & FIGURES 
 
Table B.1. Total seasonal focal observations by age and sex classes. 
 Winter season Non-winter Season 
 Age Class  Age Class  
Sex A S C Total A S C Total 
F 18 3 3 24 43 12 11 66 
M 27 16 2 45 8 22 15 45 
U 21 11 13 45 11 7 21 39 
Total 66 30 18 114 62 41 47 150 
A=adult, S=sub-adult, C=calf, F=female, M=male, U=unsexed 
 
 
 
 
Table B.2. Seasonal focal follows by age and sex with regards to spring presence habitat. 
Winter Springs No Springs 
 Age Class  Age Class  
Sex A S C Total A S C Total 
F 7 0 1 8 11 3 2 16 
M 21 6 1 28 6 10 1 17 
U 7 7 9 23 14 4 4 22 
Total 35 13 11 59 31 17 7 55 
Non-winter Springs No Springs 
 Age Class  Age Class  
Sex A S C Total A S C Total 
F 17 7 9 33 26 5 2 33 
M 5 14 7 26 3 8 8 19 
U 3 2 2 7 8 5 19 32 
Total 25 23 18 66 37 18 29 84 
A=adult, S=sub-adult, C=calf, F=female, M=male, U=unsexed 
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Table B.3. Seasonal focal follows by age and sex with regards to vegetation abundance. 
Winter Low Vegetation High Vegetation 
 Age Class  Age Class  
Sex A S C Total A S C Total 
F 8 1 1 10 10 2 2 14 
M 20 13 1 34 7 3 1 11 
U 7 7 6 20 14 4 7 25 
Total 35 21 8 64 31 9 10 50 
Non-winter Low Vegetation High Vegetation 
 Age Class  Age Class  
Sex A S C Total A S C Total 
F 14 8 9 31 29 4 2 35 
M 5 13 5 23 3 9 10 22 
U 3 2 2 7 8 5 19 32 
Total 22 23 16 61 40 18 31 89 
A=adult, S=sub-adult, C=calf, F=female, M=male, U=unsexed 
Low and high vegetation abundance was determined by methods employed in Berger (2007) 
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Table B.4.Seasonal focal follows (N) and mean proportions and bout durations ± SE of state behaviors by habitat component (1spring present (P) 
or absent (A), and 2vegetation abundance with low (L) defined as <55% of substrate covered with edible seagrasses and high (H) as ≥55%). 
Mean Proportion    Habitat Component 
Behavior Season 
Kings Bay 
N 
Spring N 
P/A1
Vegetation 
N 
Low/High Kings Bay Spring No Spring 
Low2 
Vegetation 
High2 
Vegetation 
Winter 114 59/55 64/50 0.27 ± 0.04 0.27 ± 0.05 0.85 ± 0.04 0.36 ± 0.06 0.76 ± 0.05 Feed 
Non-Winter 150 66/84 61/89 0.49 ± 0.03 0.43 ± 0.05 0.54 ± 0.05 0.42 ± 0.05 0.54 ± 0.05 
Winter 114 59/55 64/50 0.53 ± 0.04 0.46 ± 0.08 0.03 ± 0.02 0.42 ± 0.06 0.06 ± 0.03 Rest 
Non-Winter 150 66/84 61/89 0.17 ± 0.03 0.21 ± 0.04 0.15 ± 0.03 0.15 ± 0.04 0.19 ± 0.04 
Winter 114 59/55 64/50 0.17 ± 0.03 0.25 ± 0.06 0.08 ± 0.03 0.20 ± 0.04 0.14 ± 0.06 Swim 
Non-Winter 150 66/84 61/89 0.25 ± 0.02 0.27 ± 0.04 0.22 ± 0.03 0.31 ± 0.04 0.21 ± 0.03 
Winter 114 59/55 64/50 0.03 ± 0.01 0.02 ± 0.01 0.03 ± 0.02 0.02 ± 0.004 0.04 ± 0.03 Other 
Non-Winter 150 66/84 61/89 0.09 ± .001 0.09 ± 0.02 0.09 ± 0.01 0.13 ± 0.02 0.06 ± 0.01 
Mean Duration         
Winter 114 59/55 64/50 104.8 ± 8.8b 54.2 ± 10.3 165.2 ± 9.8 
a
70.6 ± 11.4 148.6 ± 11.1
 a b
Feed 
Non-Winter 150 66/84 61/89 72.3 ± 4.7 63.0 ± 6.7 79.6 ± 6.4 62.3 ± 6.5 79.1 ± 6.4
 a
Winter 114 59/55 64/50 44.3 ± 6.5 72.9 ± 9.6
 a
10.1 ± 5.6 62.9 ± 8.9 20.4 ± 8.2 Rest 
Non-Winter 150 66/84 61/89 57.9 ± 9.1 73.4  ± 15.2 45.7 ± 10.9 70.1 ± 16.4 49.6 ± 10.4 b
Winter 114 59/55 64/50 25.7 ± 3.0 35.7 ± 4.4 13.8 ± 3.4 31.5 ± 4.3 18.2 ± 3.9 Swim 
Non-Winter 150 66/84 61/89 52.9 ± 4.4 b 63.3 ± 7.1
 a b 44.8 ± 5.5 59.3 ± 7.4 48.6 ± 5.4 b
Winter 114 59/55 64/50 2.2  ± 0.7 2.2 ± 0.24 2.3 ± 0.12 2.6 ± 1.2 1.8 ± 5.1 Other 
Non-Winter 150 66/84 61/89 28.8 ± 4.4 b 34.0 ± 7.1 a b 24.6 ± 5.4 33.1 ± 7.2 25.7 ± 5.5 b
a Indicates significance is greater between habitat sites within seasons and b indicates significance is greater within habitat sites between seasons
 Table B.5.Seasonal focal follows (N) and mean proportions and bout durations ± SE of state 
behaviors by age classes. 
Mean Proportion Age class n  Age Class  
Behavior Season A;S;C N Adult Sub-adult Calf Overall 
Winter 66;30;18 114 0.33 ± 0.06 0.19 ± 0.06 0.23 ± 0.08 0.27 ± 0.04 Feed 
Non-Winter 62;41;47 150 0.52 ± 0.07 0.63 ± 0.06 0.26 ± 0.05 0.49 ± 0.03 
Winter 66;30;18 114 0.56 ± 0.06 0.64 ± 0.08 0.29 ± 0.08 0.53 ± 0.04 Rest 
Non-Winter 62;41;47 150 0.25 ± 0.07 0.08 ± 0.03 0.18 ± 0.05 0.17 ± 0.03 
Winter 66;30;18 114 0.10 ± 0.03 0.15 ± 0.05 0.44 ± 0.09 0.17 ± 0.03 Swim 
Non-Winter 62;41;47 150 0.16 ± 0.05 0.21 ± 0.04 0.43 ± 0.05 0.25 ± 0.02 
Winter 66;30;18 114 0.01 ± 0.001 0.02 ± 0.003 0.04 ± 0.02 0.03 ± 0.01 Other 
Non-Winter 62;41;47 150 0.07 ± 0.03 0.08 ± 0.02 0.13 ± 0.02 0.09 ± .001 
Mean Duration       
Winter 66;30;18 114 106.7 ± 11.9 125.7 ± 18.0 63.0 ± 15.1 104.8 ± 8.8 Feed 
Non-Winter 62;41;47 150 81.2 ± 7.0 88.4 ± 7.6 46.5 ± 8.6 72.3 ± 4.7 
Winter 66;30;18 114 48.9 ± 9.1 35.3 ± 12.1 42.2 ± 13.1 44.3 ± 6.5 Rest 
Non-Winter 62;41;47 150 76.2 ± 17.7 39.5 ± 13.2 49.9 ± 12.5 57.9 ± 9.1 
Winter 66;30;18 114 21.9 ± 3.8 21.5 ± 6.0 46.3 ± 6.8 25.7 ± 3.0 Swim 
Non-Winter 62;41;47 150 38.1 ± 6.9 48.4 ± 7.7 76.5 ± 7.5 52.9 ± 4.4 
Winter 66;30;18 114 0.87 ± 0.3 1.0 ± 0.6 9.3 ± 4.1 2.2  ± 0.7 Other 
Non-Winter 62;41;47 150 9.8 ± 3.2 23.9 ± 7.4 58.0 ± 10.4 28.8 ± 4.4 
Age class; A=adult, S=sub-adult, and C=calf
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 Table B.6. Seasonal focal follows (N) and mean proportions and durations ± SE of state 
behaviors by sex. 
Mean Proportion Sex n  Sex  
Behavior Season F;M N Female Male Overall 
Winter 24;45 114 0.22 ± 0.08 0.41 ± 0.07 0.27 ± 0.04 Feed 
Non-Winter 66;45 150 0.58± 0.05 0.50 ± 0.06 0.49 ± 0.03 
Winter 24;45 114 0.58 ± 0.09 0.47 ± 0.07 0.53 ± 0.04 Rest 
Non-Winter 66;45 150 0.17 ± 0.04 0.11 ± 0.04 0.17 ± 0.03 
Winter 24;45 114 0.15 ± 0.06 0.11 ± 0.03 0.17 ± 0.03 Swim 
Non-Winter 66;45 150 0.18 ± 0.03 0.27 ± 0.04 0.25 ± 0.02 
Winter 24;45 114 0.06 ± 0.04 0.01 ± 0.003 0.03 ± 0.01 Other 
Non-Winter 66;45 150 0.07 ± 0.01 0.11 ± 0.02 0.09 ± .001 
Mean Duration      
Winter 24;45 114 110.4 ± 17.2 91.8 ± 15.3 104.8 ± 8.8 Feed 
Non-Winter 66;45 150 83.7 ± 7.0 72.1 ± 8.4 72.3 ± 4.7 
Winter 24;45 114 28.8 ± 11.8 63.4 ± 11.1 44.3 ± 6.5 Rest 
Non-Winter 66;45 150 48.7 ± 12.2 59.4 ± 18.6 57.9 ± 9.1 
Winter 24;45 114 27.4 ± 5.9 22.3 ± 4.6 25.7 ± 3.0 Swim 
Non-Winter 66;45 150 56.2 ± 7.2 48.8 ± 7.4 52.9 ± 4.4 
Winter 24;45 114 1.8 ± 0.9 0.9 ± 0.4 2.2  ± 0.7 Other 
Non-Winter 66;45 150 18.7 ± 4.1 34.8 ± 8.8 28.8 ± 4.4 
45 and 39 unsexed individuals were removed from the data set in the winter and non-winter, respectively 
Sex; F=female, M=male  
 
 
Table B.7.The proportion in age and sex of animals in Kings Bay by season. Overall proportions 
were calculated from the total follows per season (w=114; n-w=150). 
 Adults Sub-adults Calves 
Season AF AM AU Mothers SF SM SU CF CM CU 
Winter 
0.0
6 0.24 0.18 0.10 0.03 
   
0.14 0.10 0.03 0.02 0.10 
Non-Winter 
0.0
9 0.06 0.07 0.19 0.08 
    
0.15 0.05 0.07 0.10 0.14 
W Prop/Age 0.48 0.26 0.17 
N-W Prop/Age 0.42 0.27 0.31 
U represents unsexed animals (w proportion of U=0.38; n-w proportion of U=0.26). 
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 Table B.8.Seasonal average proportions ± SE of only the state behavior Other by age classes in 
the entire bay and at the microhabitats of springs and vegetation. 
 Age class n  Age Class 
Habitat Season A;S;C Total n Adult Sub-adult Calf All 
Winter 66;30;18 114 0.01±0.001 0.02±0.003 0.04±0.02 0.03±0.01 Bay 
Non-Winter 62;41;47 150 0.07±0.03 0.08±0.02 0.13±0.02 0.09±.001 
Winter 35;17;10 62 0.01±0.002 0.02±0.006 0.04±0.02 0.02±0.01 Springs 
Non-Winter 25;23;18 66 0.05±0.01 0.09±0.03 0.14±0.04 0.09±0.02 
Winter 31;9;10 50 0.01±0.002 0.01±0.003 0.04±0.02 0.04±0.03 High Veg 
Non-Winter 40;18;31 89 0.02±0.007 0.05±0.01 0.10±0.02 0.06±0.01 
* Significantly more other behavioral proportions occurred during the non-winter season when examining 
within all age classes and habitat type.  
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Figure B.1. Non-winter group size proportions of the 83 total follows conducted on individuals in 
a group ranging from 2-10. Follows on lone individuals (n=49) and unsexed animals from the 
adult and sub-adult age classes (n=18) were removed from the overall total (n=150). Groups of 
three were the most common (40% of 83 total) and the average group size for all focal follows 
was 2.94±0.13 SE.  
 
 
0
0.1
0.2
0.3
0.4
0.5
0.6
M/C;SM M/C;AU AF;2SM M/C;SU SF;2SU AF;2SU M/C;AM AF;AM;SF
Group Composition
P
ro
po
rt
io
n
 
Figure B.2. The proportion of group composition within the 32 group follows in which the group 
size was 3 (roughly the overall average). Mother/calf pairs with an accompanying sub-adult male 
was the most common (n=17), occurring over 50% of the time. Within those 17 mother/calf and 
SM pairs, there were 14/17 (0.82 proportion) times that at least one harassment was recorded 
when the SM initiated harassment to the mother. 
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Figure B.3.Seasonal proportion of focal follows by age and sex. Proportions were calculated from 
the total follows within season minus adult and sub-adult unsexed animals (winter total = 82; 
non-winter total = 132). Calves 
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